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LETTER OF TRANSMITTAL

', • . • ' . • • ' • HOUSE OF KEI'RK?EN'TATI\XS.
Coanirrm: ox SCIF.XCKAXD ASTRONAUTICS, " .

' . . • ' • . . , « Washington, D.C., Augusts, 1969.
Hon. GEORGE P. MILLER, t - . .
Chairman, Committee on Science and Astronautics,
House of Refn^esentatvues, "Washington, D.C.

DEAR MR. CHABOIAX: The Subcommittee on Science, Research, and
Development is carrying on a continuous study of technology assess-
ment—seeking the best means of providing for the Congress an early,
warning of the unanticipated hazards or benefits from applications
of science. » . '

Tho process of technology assessment can best be seen -with reference
- to historical episodes, but the record of such episodes is often incom-
plete! If we are to&ecure a. useful working knowledge of the elements
oif the process, it is expedient for us to take opportunities to observe

.closely those episodes which chance makes accessible. It was for this
reason that the subcommittee commissioned the study "Technical In-
formation for Congress" by the"Science Policy Research .Division—A
-documentation-of 14 important case histories'which-had attracted, con--
gressional attention since World War II.

This report is a 15th case history. It has special significance for
Congress in. the technology assessment context, since it represents a
conflict which is current but which has developed a sufficient history
.to give it perspective and meaning. It is distinguished from the other
case histories in that the assessment was performed by the scientific
community itself, and outside of the Halls of Congress.

We are'dealing here with the controversy over the military uso of
chemical defoliants and herbicides in Vietnam. The issue contains all

. the elements that complicate such assessments: a dif f icul t problem of
ecological impact, clouded by the political controversy surrounding
the Vietnamese conflict it.«e-l f."

The report transmitted herewith does not address itself to the merits
of the issue; .it does not judge the propriety or impropriety of the
military use of herbicides. Instead, it centers upon the- process by

.which tho American Association for tho Advancement, of Science
undertook to assess tho ecological effects of the military use of chemical
defoliants -and herbicides in a zone, of activity. The cooperation of the
.participants in tho assessment was, of course, indispensable to the
study, and wo were most for tunate that they ful ly appreciated the
professional nature of tho proposed inquiry and were unstinting in
providing the documentation for it.

At my dmv( ion, the Legislat i ve- Reference Service secured the status
of observer to tho prom'ilings..Frwu this vantage, point tho study is

• ' . - ' • ' ' . i tin



ssessment in a ^^HFuit can guide similar projects in the future. It
,-ill aid tho variora^roups who are developing'teclmology assessment
apabilities for the legislative branch, and in other institutions.

Sincerely yours, , . . . ' ' • •
EMIUO Q. DADDARIO\,

• kairrnan, Subcommittee on Science, Research, awl Development.

LETTER OP SUBMITTAL

' ' • - . - . . ' T H E LIBRAKY o r CONORKSS,
•LEGISLATIVE EEI-TREKCE SERVICE,

' •' ' ' Washington, D.C., July 30,19G3.
Hon. EMILIO Q. DADDAIUO,
Chairman, Subcommittee 'on Science, Research, and Development,

Committee on Science and Astronautics, House of Rcprcsenta-'
fives, Washington, D.C. . •

•DEAR MR. DADOAIUO: The report submitted with this letter results
from arrangements made at your direction to follow the prepress of
the American Association for the Advancement of Science in its investi-
gation of'the environmental effects of defoliation in Vietnam. Mr.
Richard A. Carpenter, Assistant Chief of our Science Policy ll^carch
Division, sought permission from the major participating organiza-
tions in early 19G7,for LRS to act as an observer of the a^'.-^ment
process as it took f^lace. In this way, the problems and successes of
assessment methodology could be more accurately ascertained than by
the usual ex post facto examination. Wo, of course, made it clear to all
parties that the LRS had no interest in the defoliation-ecology ques-
tion itself but only in how the assessment was.car.ricd out.

'." 'The cooperation of-the following persons and their associates made
.the report possible: .
. ' Don K. Price, dean, John Fitzgerald Kennedy School .of Govern-

ment, Harvard University. ' - • .
Dr. Dael Wolfle, American" Association for the Advancement- of

Science.' ' .- . - • • .
Rodney W.. Nichols, Office of the Director of Defense, Ucsearcli

and Engineering.
Dr. William B. House, Midwest Research Institute.
John S. Coloman, Xntiona'l Academy of Sciences.

Tin1, report was written by Franklin P". Huddle, of the. Science Policy
Research Division. Tn view of Dr. Huddle's earlier authorship of tho
study, "Technical Information for Congress," the present report can Ixs
regarded as in a sense supplementary to that longer work, dealing
with a similar kind of problem but in the hands of a distinctly dif-
ferent group.

Tho Legislative- Reference Service is gratified to have the opportu-
nity to participate in this illuminating series of analyses of tlie complex
problem of accommodating our society to the changes wrought by mod-
ern science. . ' . . " . • . . -...:.._ - .-•-"-

Sincerely yours,
." • ' LESTMI S. JAYSOX,

Director, Legislative Reference Service.
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I.; INTRODUCTION \ • '

A new military technology of defoliation by aerial spraying of herbi-
cidal chemicals was introduced in 19C2 into the Vietnam conflict.
The teelmology was called into play as a means of saving lives—pro-

.tecting troops, shipping, and aircraft from ambush from the- jungle
cover; it was also used to complicate the adversary's logistics—to
deny guerrillas their sources of food from remote garden plots by the
spraying of these crops from the air with crop-destroying chemicals.
These uses of technology were condemned as immoral by virtue of
their nonspecificity; as contravening tacit international policy against •
chemical and biological warfare, as crossing a threshold beyond which
lay the threat of mass destruction by chemical and biological weapons;
they were also challenged .on the more technical grounds that the
generous tise of these potent Chemicals over wide areas by insufficiently
trained military personnel might wreak serious and lasting injury to
a region's ecology. I "

• The role of U.S. scientists' and their professional organizations in
calling for technological assessment of military uses of herbicides, and
in participating in such anj assessment, was determined by Repre-
sentative Emilio Q. Daddario' as being a suitable subject ior this study.
Its purpose, accordingly, was not intended as a judgment of the merits

. of the decision -respecting military use-of herbicicUv,-but to illuminate
"the complicated process within a large, interdisciplinary organiza-
• tion of scientists by which a political issue with a scientific content
was passed in review. Many (such issues come before the American
Association for the Advancement of Science. Activist groups contin-
ually strive to compel the association to take a stand on other political
issues they care deeply about.! The effectiveness of the association as

.a policy-supporting organization, and the question as to the proper
role of scientists in pursuing political .issues, are central elements of
the study. !

The relevance of the study as a subject of interest to the Congress
derives from a number of related considerations. In it. the Congress
can find its function of technology assessment being attempted by a
group of concerned citizens, mostly with scientific qualifications. The
problems encountered by this group in performing its assessment can
be regarded as "the other side-of the coin." The pressures and thought
processes of the group mirror those, of the Congress, and provide a
convincing demonstration of the difficulties of the task, even when it is
not accompanied bv the larger responsibility of the Congress for law-
making in the public interest, and when, on the other hand, the par-
ticipants enjoy some extent of.special training in the subject matter
in question.

Another relevant, aspect is the preoccupation of the Congress in 1%9
with environmental quality. Much pending legislation, and many

(1)

32-405— CO- — 2



ini uniL-t m^^^^Hu mans iragiju environment, me uunc'sMnes
[^countered by a pBrcssional group in ordering and resolvingcriTEs'on-
lental issues related to the massive and repeated application of ferbi-
ides in Vietnam serve ,1 useful warning: and object lesson as to the
cod for systematic,, objective, nnd deliberate approaches on the part,
f the Congress in dealing with legislation aimed at tho prcscrraltaon
r restoration of environmental quality in the United States.
In the study ''Technical Information for Congress," J it. vras ptKiatod

nt. that "In the 'management of a. political issue, with substantial sci-
it if ie or technological content, the political issue is always larpstr in
'•ope than the scientific question within it." The study suggested tiiat
In principle, the scientific question needs to be dealt with first." Sfore-
\"er, it was important that, the .scientific question be. "carefully fctsned
> that the answer to it p rondos a useful and significant piece ofevi-
cnco. for guidance, in the consideration of the broader political issue.*'.
';;-3 present study enlarges indirectly on this point by revealing" sthe
;;:vme difficulty encountered by a, technically oriented group in sep-
: icing out the technical issue, and defining it in manageable terms. It •
rves notive, by inference, that a politically oriented group -\uwnld
uwrience even greater difficulty in separating tho technical from tthe
>Htical issue for analysis and decision.

roup of plant.
of Potent New Organic Herbicides

Agricultural research in the 1930's had identified a
••rnones that regulated plant growth. By 1939, 54 differentsubsteaices
•.•;•:: listed that had this effect. The most, powerful of these was ttlie..
.epical 2,4-dichlorophenoxyacetic acid, later nicknamed "2,4-D."
he chemical synthesis of this compound was describee) in the Istera-
ire in June 1941. Experimenters often observed that in overdose of
•;e of these plant hormones injured and even killed plants. OSK re-
.1 rcher, E. J. Kraus, head of the botany department of the University
; Chicago, suggested in a letter to two of his co-workers, in Angusf
'41, that the^o compounds might be useful as weed killers.
Karly results in his researches led Kraus to bring this promising mew
t-haoiogy to the a f f o n f ion of n committee of the National A en demy of
•it-TWS-National Kese:uv,h Council under tho direct ion of
<stvk, established at. the rc<|uest of Socivtary of War Henry L.
:; to provide advice on all aspects of biological warfare. Kraus wrote
.•if "il>c toxic properties of growth-regulating substances for t3ie«3c-
:u. 'fion of crops or tho l im i t a t i on of crop production'' nu^ht Iws of
f«>:vst to ih(> eommilt<x\ K x p o r i m o n t n l rosoaivh in (!) is field

It oontrni'tfo rmal ly l » r < > u > ; h t under an A n u v oo
s-'tty of Chion^*, in I:1!,'*, In cvnijunction w i th tins worSt, a

•• u - -U p!,v:r,u>\ \\; muJoi-wav rtf tho Kvvasvh station of

s*

• ft ^v..-
»f

was intensified as of possible use in the "island-hopping"' car
Gen. Douglas MacArthur. The method of clearing land ing urca.-s of
foliage at that time,j\vas by saturating them with high explosive shell
bombardment by naval artil lery- Kraus reported verbally on his re-
search progress'to tho "ABC" Committee of the Academy of Sciences
in February 1943, and .submitted a preliminary written report to the
committee March .8, describing his experiments. Camp De trick, Md.,
had been establish as a research center for biological warfare research
in November 1042; in January 1944, the Army decided to make her-

- bicido research a major program at this center. Nearly 1.100 substances
were tested there, under the, direction of Kraus with A. Q. Nonnan.
However, "The chemicals were never used abroad, and the war ter-
minated before we could get the materials in the field."z

At the conclusion of World War II, Secretary of War Robert P. Pat-
terson released a letter report from Merck, describing biological war-
fare research conducted by the United States. Merck cited as an im-
portant accomplishment of this program, the testing of "the effects of
more than 1,000 different chemical agents 'on living plants." Later
Merck was quoted^ as stating that "only the rapid ending of the war
prevented field trials in an.active theater of synthetic agents that
would, without injury to human or animal life, affect the growing
crops and make them useless."

In April, 1944, the emphasis.of the research at Beltsville shifted.
Detrick had a vigorous, war-oriented program underway. So the Belts-;

..'ville group'returned to their earlier interest in 2',4-D as a weed killer.
In June 1944, in'an article in the Botannical Gazette, Mitchell, in asso-
ciation with Charles L. Hamner (another former student of Kraus),
suggested publicly for tho first time that 2,4-D had "some importance
in connection with the differential killing of weeds." 3 Another report
in this journal in December 1944 elaborated on this work. The chemi-
cal was found highly toxic to bindweed, dandelion, and other broad-
leafed plants, while-leaving lawns (bluegrass) unharmed. The public
interest in the. new herbicide was intense. In 104 ">, the American Chem-
ical Paint, Co. marketed the first systemic herbicide under the brand
name "Weedone." Other companies were soon licensed to produce- the

• material. Tests that year revealed that the new chemical was indeed
a revolutionary discovery. The toxicity level of tho new chemical, for
man and animals was i n vest i era tod, and determined to bo low enough
to make the chemical acceptable for general use as a wocd killer. Lists
of weeds k i l led by 2,4-D lenirfhenod. Costs dropped from !?12..">0 a
pound in 10 14 to SO'.'iO a pound in Ifl.'O, The material was easy to handle.
noncorrosivo, and effective in uso. Production went up fast: 017,000

«C. >:. MlimrU-. "Crop ni r tvMn rvrii!i«!tv>n Prosrnm." PnwMlncs <>f tho Third rvMi.-u
Hon rmif-ivmv. Atic. in j j . Tl'ii.V p. II. Tlu> ro<t of th!< luwnnf t.- li;>«ist on an .'irtlclr-
p,v (ialo K, iVtorHon. "Ttio Dlsi-owry niul IVvplopnn'nt of ",4-n", Affrioaihiral l i l* t<<rr
(vnj , -!t, No. ,X Jnl,v 10c!T>,

i > Substnnws."



o.ur.ds in 10-15, 5,460,000 in 10-1G, -and'more than 14 million by .1050.
'he author of .thj^^fcipr concluded:'
Ironically, 20 yc.^^^Kr Knius had suggested it to the National AcacEemy of

clonces, 2,4-D becjSiWi too! of chemical warfare, * * * Developed t'<»x war,
;t vi^sijtiod for agriculture, the U.S. military at last found application ifor its
•snrributlou to the development and testing of 2,4-D.4

A survey of the domestic use of herbicides in the United States, con-
ucteJ by the Department of Agriculture, reported in August. 1005,
•;U in tl'ie year 1062 a total of TO million acres was treated (see table
), at a cost of more than $270 million. The report note that by 19G2,
bout 100 herbicides in G,00 formulations were available. The rate of
creased use was such that acreages treated would continue to clkmble
i 10 years. (Actually, they leveled off at about 120 million acnes by
C35.)' . . ' . - . - • • . . • . ' .

BLE l.-ESTIMATED EXTENT AND COST OF CHEMICAL WEED CONTROL IN THE U N I T E D STAGES, 1962

Total acreage Harvested acre-
States reporting trealed aja trealed

Crap or area • (number) (thousands). • (percent)

r-, " . 4 5
t;.i . . . . ' 15 -
V] -s ' 28 '.
••; s-:..-.s 45

-• •! 8
:---.--..tS 15

. .,« 25
- - • :e-is . . . - 20 •
• •.-iisi 29 .
r:;; -'. *

- t - j r s _ -. 2 .

:-, . 1
; f.-.;ts and nuts 21

;~!crnls 15
.-; - • 23

., - 33
!;r~s ' • • 45 '
;:!».-!<} - 20

V:jj.'jii;f...V.~IIIIIir" ' 31

Tc^a! JO

25,302
5,433
2, 827

' 18,931
940

• • 310
• . 362

2,665
439
S51

. ' 171
16- •

• ' • ' - - 30 '
26

.267

51
' 672

.. - 412
4,714
2,262

274 ..
3,612 ..

70,6£7

' ' 38. 8
34.9

' 10.2
23.5

' • 53.0
22.0

.. . 32.8
.' 23.1

: .. •. 16.1
35.5

' . - • ' . 12.4
•:•• 1.1

V. ' '4 .6 '
: - . - . - • 27.0

9.7

24.8
. . 8. 4

' . ' '.3-

• .5-41

Total cost, all
herbicides and Averajprast per

applications :K'i. all
(thousands) treatments

• :. 557,600
16,805
10,835

,• '29,579
• • 6,250

' 2,565 '
' . 2,237

5, 258
• ,-. 2.416 .•

: - ' . 8,634

• : - , : • .-'w :- •'>
•'.' : 187 ' '

650 .
• 2,397 ' .

. ' 969
.15,368
• 1.794

' ' 13,340
•. . 6,265 . •

• •* ' ' 2,752
83,714

270,746

J2.28
3.09
•3.83
1. 56
6.65
8.27
6.18
1.97.

-5. 50
9. 09

. • - 5.95
, • -••• 7. 12 -

.'6.23
•••• ,25.00
; !' .8. 93

'19. 00
22. 86
8.69.
2. 83
2.77

10.04
.. .23. 18

3.86

£j:luc>s (ores! planlinjs a n d noncrojland. • ' : . ' , • • • ; •

Kry.: U.S. Department of Agriculture. Aiiricultural Rosearch Servics and Federal Extension Service. "Crops Rraeirch;
t?i of Etient and Cost of Vsced Control and Specific Weed Problem}." (Aug. 1955, ARS 34-23-1), p. 3.

'."on<ZT~ftf>ughfs About the Virtue* of Ilerliicidfifs and Other Pestwldes
The explosive rate of acceptance of the new technology eventually
ve rise to apprehensions as to its possible adverse side cllects. A. tech-
logical assessment of the domestic use- of herbicides — and of jwjsti-
!e,s in general — *ivas triggered by tlio appearance in 1002 of an am flu-
Hal popular bo;1; by Kachel Cai-son, titled "Silent Spring." This
u>k described disadvantageous consequences of pesticides, incliudingf
a possibility of tho toxicity of somo of thorn to man or animals, ftheir

long-term biological (e.g., pathogenic, carcinogen icr and
c) efTects, and the ways in which postic-ides reached beyond

"The Dl-scovery and Development of 2,4-D." Op. clt., p. 253.

their intended target organisms to strike down others m<a
sometimes insufficiently appreciated. This last type of e<'"
logical damage caused by pesticides—was emphasized .
book. Although Miss Carson reserved her most severe criticisms for
insecticides, she did not spare the weedkillers:

The legend that the herbicides are toxic only to plants and so pose no threat
to animal li£e has been widely disseminated, 'but unfortunately it is iios
true (p. 41).

[Arninotriazole] is rated as having relatively low toslcity. But in the long run
its tendency to cause malignant tumors 01" the thyroid taay lie far more signifi-
cant * * * (p. -13).

Among the herbicides are some that are classified as 'mutagens," or agents
capable of modifying the genes, the materials of heredity. We are rightly.appalled
by the genetic effects of radiation; how, then, can we be indifferent to the saiae
effect 5u chemicals that we dis.senunatwl widely in our environment? (p. -13.)

• * * * The whole elo.sely knit fabric of life has been ripped apart (p. C7>.
[By this "shotgun approach to nature"] the spraying also eliminates a great

many plants that were.not its intended target (p. 67).
* * * The wholesale broadcasting of chemicals would be .seen to be more

costly in dollars as well as infinitely damaging to the long-range health of the
landscape and to all the varied interests that depend on it (p. 09).

The most widely used herbicides are 2,4-1), 2,4,5-T, and related compounds.
Whether or not these are actually toxic is a matter of controversy. People spray-
ing their lawns with 2,4-D and becoming wet with spray have occasionally de-
veloped severe neuritis and even paralysis * * *. It has. been shown experi-

• mentally to disturb liie basic physiological process of respiration, in the cell, and
to imitate X-rays in damaging the chromosomes (p. 75).

•[Fruit flies] developed mutations so damaging as to be fatal oa exposure to oae
of the common herbicides * * * (pp. 100-191).

The full maturing of whatever seeds of malignancy have been sown by these
chemicals Is yet to come (p. 201).5

-.• • Various-technological-assessments -were serin' motion'by the Carson
book, or took place concurrently with it. A series of reports were
issued by a committee on pest control and wildlife relationships of
the National Academy of Sciences-National Research Council.6 The

lengthy investigation was conducted by the Government Operations
Committee'of the Senate, culminating in a final report, July 21, l!H'>t>.
Tho conclusion of this report otiers perhaps .the best consensus avail-
able^ on the broad question of whether or not herbicides (and other
pesticides) should bo used, and if so under what circumstance;;. It
recommended that the present regulatory system should !« strength-
ened to prevent unintentional contamination of-thc environment, That

• Knclit'l Carson. Silent Spring. (Greenwich, Conn. Kiuvcstt Publications. Inc 10S2
100(1.) -'ill p. phut Index. .

•Nat iona l Academy of Sciences. Committee on t'cxt Control nnt! Wildlife Uclatlotichlps.
"A Symposium on IV-t Control anil Wl l t l l l fv Kvln t lunxl i lpn ." By Committee on Pent Con-
trol and \ V I I < t l l f i > ili 'latlonslilpK. Mar. 10, lOfil. 2,1 pp. (Piinl. SOT) : "I'est Control antl
Wildl i fe Ki- la l lu i iNl i l j i s . " Pt. 1 : "Evaluat ion of Pesticlili-Wlltlllfe l'robl«-m«." (li)(i!J), 2S pn
(Puhl . ftl'O-A) ; I't. 2: "1'ullcy anil I'twilimiH for 1'tint Control" (IOC,:;), 5.'! pp. (J 'ubl,
02(»~I1) ; and I't. 3: "HMi-aroli Needs" (iuii:<), 2S pp. (I'nbl. Iti'u-C). (Wanhiiigtun, H.C..
JNnt lwia l Academy of Si'lerit/i'H.)7 U.S. I 'ri 'Hldi-tit 'a Hdviivc Advisory Committee. "Cue of I'estlclilen." Tho WJiltc House
May tn. it»«:i.

""KfTeetH, 1,'tn'H, Control, anil Itefearcli of . \ i rr l i 'ul( \ t r«l IV '«<•«." (A report tty mir-
Vi>y« mid I t i v t ' H t l p i t l n i i K H t n l T . l Apri l 1H, l l i i in. Hi'pr">hici'<l i n . ' •.. t '><i.i;rt 'ss. I I iMis« ' . Com-
nilt tr i ; tin A p i i r o p r l r i t l o i i H , Jd ' i iar tmi 'at of .Vv ' r i i ' i i l t i i f i ' A j>! ' ?< i i4 . . ' » i< t ! i<» f«r H»ilti. H"'iiriiif."M
before a Hiitifoinmllti 'tf of tlnr • • * pt. 1, bUlh Cuiig,, Snt »«•»«. (W<t»lil»jitua, U.S. Uuv-
eruiut'iit t'rliitlin; Office, 1000).
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Fcck'rai programs of jh'.-t control should be coordinated more closely,
timr, l ieulth WCJM^IS relevant to pesticide's should ho expanded, and
that scientific ^^B'h into the effects of pesticides should he stepped
up to provide ̂ H^0 adequate. basis for future national policy.9

As a result, tiffin, of the apprehensions rinsed by the Carson hook,
the need vras recognized for more closely controlled use of herbicides,
and for more penetrating research into the ecological consequences of
their u?e. At the same time, it became more fully appreciated that the-
benefits conferred by this use, and the extent of reliance on it for icgri-
eulturejn a technologically oriented society, could not easily bc»:'f ore-
gone. Use would continue, but under measured control that would be
further refined as knowledge of adverse effects became more precise.

It was during this same period of technological assessment of the
domestic u?e of pesticides general!}', that the military use of herbicides
L-egan and expanded in Vietnam. This >vas perhaps not the first time
that defoliant, chemicals were used in counter-guerrilla warfare.10 How-
ever, their use in Vietnam certainly appears to have been n
dentr-d in terms of its extensiyeness, scope, and systematic nsi
appl i cation for military objectives.

As the military use of defoliants in Vietnam intensified, various
questions were ra'ised_by groups, and individuals in the United States_
concerning the. morality, the legality, and the possibly adverse long-
r >nge consequences, of the program. The rest of this study describes, in

unprece-
nature of

governing body and with the Department of Defense, (d) the efforts
of the Department of Defense to perform its. own assessment of the
technology, (e) the subsequent efforts of scientists to perfect their as--
sessment, and (/) the present status of the defoliation assessment. The
study .concludes with a statement summarizing the observations to be
drawn from this case as an example of technological assessment moti-'
rated by a large professional society, relative to national science policy.

II. EVOLUTION OF THE MiLITAKY HERBICIDE
PKOGI1AM

The close of World War II was the signal for a varis^^f small
insurgent uprisings throughout the world, usually characterized by
informal .or guerrilla forces in challenge- of existing governmental
authority. These occurred in Greece, Malaya, Cliina, Cuba, Tndoncsia|.j
the Philippines, the Congo, Cyprus, Algeria, and elsewhere.

In some- respects, the- British camgaign against the guerrillas in
Malaya served -as a prototype of the later conflict in Vietnam, in that
.it was to combat a Communist-inspired uprising in a jungle area of
Southeast Asia, with an essentially colonial economy, employing weap-
ons of terror against a technologically sophisticated adversary. An im-
portant difference was that in Malaya the guerrillas were not in con-
tact with an outside source of logistic support .and had no sanctuary.
Tactics of counter-guerrilla warfare in Malaya, accordingly, were
concentrated on: (a) keeping the guerrillas separated from the civilian
noncombatant population by fortifying and protecting villages, (I)
keeping military pressure on guerrillas to wear them down, a n d _ ( < ? )
denying the guerrillas sources of food.11 Despite a vigorous campaign,

. however, thejMalayan guerrilla war cost the British heavily in wealth,
and dragged,on for a decade..

Early in his administration, President Kennedy was motivated by
the first Cuban crisis and other manifestations of political instabilitv
in developing countries to increase the U.S. capability in dealing with
"guerrilla forces, insurrections, and subversion." Such-a. capability
would entail a general strengthening of military resources of anthro-
pological, cultural, -and other social .science data.in relevant areas of,,
the -world. In Shis March 28, 19G1, message on the Defence'budget, the

- President said that the U.S. interests were threatened by limited guer-
rilla warfare such as had brought Castro to power in Cuba. To counter
the threat of being "nibbled to death,1' as the President expressed it,
the United States needed to strengthen the capability for lower levels
of intensity of Conflict. ". • ; . . .

To meet oxir own extensive commitments and needed Improvements in conven-
tional forces, 1 re'commend the following: A strengthened capacity to meet limited
and Kuerrillii warfare » * * V/e need a greater ability to deal with guerrilla
forces, insurrections, and subversion."

Within limits, the British experience served as a guide to the
'.Government forces in South Vietnam, and to their U.S. military

» Several references stress the Impor tance of denying (,*iierrill:i* sources of fivxi. Ynt
example, Lt. Col. Unwl i ind S. N. Mans wrote : "The most !>ui.'i.'essfiil operations in Mnla .vn
"were those aimed itt deny ing liny form of food supplies to thy (R i i e r r i lU i s J," ( f l N o j "As

'{heir fooil caches were reduced, the [(jm'rrlllasl crew more and more dcspentte. They took
risks that exposed them to SKurl ty Force retaliat ion . . , Lack of food o f t en forced .1
( S i K i r r l l l n ) to surrender ." ("Victory 111 Mnlaya ," I n : I.t. Co!. T. X. Creoiie ( e d . > . The
Guerr i l la — Ani l How To Fk'ht Him. .Selections f rom the M:ir!ne Corps G;ui'lte. (Frederick

* ' also
The

.
A. Praeprer, New York. I t i l lS , I*riie>:er I 'uperhnckg), pp. lU-t-325. Joseph P. Kut^er also
stresses th i s theme : "The tftierrllins started to t>'?\ the pressure of th?

• d lMlen l ty of u m l n t f t l i i t n K local Kiipp'y l ines n f t e r the relocation of the junplo f r l n i n -
ireilu<:0'l them to depemlin^' upou crops ralseil In Jungle elertrin^s. The i.i^t presented the
Brit ish n l r linn wi th su i tab le targets. The HAP w u u l i l ohserve' the urea Hiut n t 'he pro-
pi t ious moment dampen the spir i ts of tht; helea>?uerej t,'»err!ll«s by sp rny ln^ the fn.iil
plots with polmui or stttlnt; nllre a llelil ntmnt to be hiirve«fe«l." ( In : "Irr«'K>i!'ir Wart'arc
iu Transition." M i l i t a r y A f f a l r x . (Vol. X X I V . No. ;t Fall, l ldio), p, 121.)15 I ' res ldiMit John F. K i M i n e d y . Special inessn^-e to the CVnt;r>:xs on thi; i t» fen«e bu'ltret.

'In I 'ubllc I'lipers of the t ' r i 'Kl r iVnlK — John F. Kennedy, 1001. (Washlngtoa, U.S. Oor-
- eminent i'rliitlni; Oltlce, ll)(>2), p. 236.



supubrtcrrtf,"iiT the "cleVv'. "nicnl of strategy and tactics in the Viet-
namese war, Ai^ng the important differences wore the fact that the
guerrillas in U^^tter war were able to concentrate in larger force
unit?, to ovei^^Billage redoubts, and then retreat to sanctuaries
in the jungle, ̂ Rh Laos, Cambodia, or north of the demilitarized
zone (DM2). The rice growing areas in the delta country, south and
east of Saigon, were abundant sources of food on which the whole
country depended;_ these sources could bo denied to the guerrillas only
by physically holding the area and taking custody of the crops as they

cHu-ed areas to supplement their supplies of food from above the
jDMZ.^These plantings were similar to the slash-and-burn agriculture
'.••: 'irionally practiced by the indigenous Montagnard population in
' • '.-ria.

• ..-ties of the guerrilla forces in South Vietnam in general involved
r-,_ • ' . ; ; ' f u l use of jungle cover and the merging with the local pxopula-
r.~ -:i, as iu Malaya. There were roadblocks, with systematic taxing of
:;-yre.lers; retreats to elaborate underground strongholds in tine for-
e-^s; ambushes along roads; sniping at river traffic from the bush;
kidnappings, assassinations, and terrorist demonstrations. Logistic
transport took place.at night, or under the forest cover; use was made
a> sanctuary of neighboring territory formally denied to defending
troops of the.Republic of Vietnam.

V. , . -*. _\-'J i IV i^j^ivVlV^ »J».l J^y-Wi. V. .1 A'/ »* ̂  V &1. i \J±1 JLXtl^tlllJJtJI. I J O.V/VJ J.. JL J. U^3i.U.tMJ V

IX *:rn advised President Kennedy that "the forces of International
Communists now arrayed aa ins t us are more than we can meek with
t:-.-;_ resources at hand. We must have further assistance from the .
I .:fcd States if we are to win the war now being waged against us."
(.'.. December S, the U.S. State Department issued a report describing
i '....• pattern of guerrilla activity in South Vie.tna.rn, the increased use
o: rerror tactics, the support received from North 'Vietnam, and the
V:-:- of Laos as a base and logistic supply route. Shortly afterward, on
I-r!>ruary 3, 1%2, the. American Military Assistance Command (Viet-
n i i a ) was established to supervise American military personnel and
coordinate joint planning; by mid- 1962, U.S. military forces In the
ait-a reached the number of "12.000.

Popular disaffection with the Diem regime, during IOCS, cul-
minated in its overthrow by a military coup, November l; sfoortly
before the assassination in the United States of President Kennedy.
At the end of the year, President Johnson after consultations, with
Defense Secretary McXarnara and CIA Director McCone, assured the
new government of continued U.S. -support. Tins position was con-
fi.-inod by jointjresolution of Congress, signed August 10, 19G4, assert-
ing that the United States was "* * * prepared, as the President
determine.", to take all necessary steps, including the use of armed
force. to assist any member or protocol state of the Southeast Asia
Collective Defense Treaty requesting assistance in defense of its free-
dom," (Public Law 88-108). This resolution became law 8 days after

"~tnu ' lonkiu liuii incident i i i winch the; U.h.S.
attacked by three North Vietnamese torpedo boat--. BonibL^ .strikes
against North Vietnamese objectives by U.S. planes bcgj^BbPe-bru-,
ary 1965, and a U.S. Marine battalion landed in Vietm^^HLrch 9.
Thereafter, the war escalated in intensity, with progre^^ely in-
creased U.S. participation. U.S. forces in Vietnam grew from about
23,000 on January 1, 1965, to about 181,000 at the end of that year;
by the end of 1967, they numbered 480,000.
' The essential failure of the village redoubt approach to pacification

in 'South Vietnam meant that increased emphasis would new! to be'-
placed on other aspects of strategy found effective in the Malayan
counterinsurgency campaign (the closest prototype), and that addi-
tional new techniques would also be needed. Use of herbicides _ to
remove foliage along thoroughfares as cover for ambushes, which
may have been used in a small way in Malaya, become an important
part of U.S. practice in Vietnam. The harrying of guerrilla forces,
and" attempts to encircle guerrilla strongholds,_ required both aeriul
reconnaissance and close ground support of military forces; removal
of protective cover of foliage was helpful in both cases. Finally, the
denial of food, which had definitely played such an important role
iii the British Malayan campaigns, was extremely difficult in the
Mekong Delta region, which was generally a food-surplus area. How-
ever, in the areas west and north of Saigon, the population was more
sparse and food production much less abundant: in these areas, it
seemed feasible to develop the strategy of destroying subsi5teri.ee crops
of the guerrillas, thereby increasing the burden on the logistic supply
coming .from North Vietnam.^Beginning in 19G1_, herbicides grew to be

-an important element in Vietnamese counterinsurgency,
Development of Herbicide Warfare in Vietnam

Experiments with defoliant and desiccant chemicals as herbicides
had continued at Fort Detrick, after World War II. Some 1-2,000
chemicals had been tested and the most promising 700 screened in
greenhouse and field tests. Some of them had been tried out on tropical
vegetation in Puerto Rico. An extensive test, over an area of 4 square
mileSj had been conducted at Camp Drum, N.Y. Finally, "a variety_of
chemical agents were shipped to the Vietnamese mili tary authorities,
and from July 1961 to April 19C2, a preliminary series of defoliation
trials were conducted under the guidance of J. W. Brown." The pro-
gram was then halted, pending an assessment of its military eU'ective-
ness. These tests showed that -2,4-D and 2,4,5-T (see table '2) were
effective defoliants when .applied during a period of active growth; in
addition, cacodylic acid sprayed from aircraft showed promise for use
against riceficlds, While further tests were being conducted bv U.S.
military forces and under contract, in Thailand, Texas, and Puerto
Rico, Vietnamese military forces and U.S. planes spraved jmhgrove
and nipa palm vegetation along canals and roads east or Saigon, with
considerable improvement reported .'in overhead visibility of the
ground." • .

|.| n , nl 'i ' ' • • • ' •
"Mill report, op. Clt, pp. 113-115.
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.
Exeerpts:

ana or limited potential effectiveness.

TABLE 2.-COMPOSITION AND CHARACTERISTICS OF MILITARY HERBICIDES

Agent Composition
Pounds per

jallon AE Purpose

Oran£* n-Butyl ester 2.4-D, 50 percent(vveiglit)....
n-Butyf ester 2,4,5-T, 50 percent (weiaht).

4.2
3.7

General defoliation; forfeit,
broad-leafed crops.

brush.

Tout.

Purr's n-Eutyl eslsr 2.4-D 50 percent (weight)...
ti-Butylestef 2 1,5-1,30 percent(woigM)..
Isobuty! sster 2,4,5-T, 20 percent (weight)..

8.9_

4.2 General defoliation; interim- agent used
2.2 ' interchangeably with oranse.

Total.

While Trf-isoprapanalamiiie 531(2,4-0
CTsrdon 101) Tri-isopropanateminesJltpicIoram-

8.9

2.0 Forest defoliation; long-term jangle
. 54 . control, brush suppression!.

Total.
S'u; Sodi'jm cscodylate, 27.7 percent
(f-ii/tar 5SM) Ffee c.3cod>iic acid, 4 8 percent

Water; soii.'um chloride, bol

2.54

3.1

Rapid defoliation (short durctiion); Jrassy
plant control, rice destruction. -

Source: MidAcst Research Institute. "Assessment of Ecological Effects of Extensive or Repeated Use of Hterbicides."
3) W. 3. House «t 2!. Final report, Aug. IS-Dec. 1, 1967. (Hereinafter called "MRI Report".) Sponsored fc# Advanced
? -jifvcMPisiKtsAsi.-iiy of the Department of Defense, ARPA Order No. JOSS. MRI Project No. 3103-8 (Midv/esit Research

'

There is no riuestion but what you can have nn effective defoliate. The
is £5 n<! in i; one ihitt is fait enough acting to make it mil i tar i ly worthwhile.

(Qiv/siion: [Its use in guerrilla warfare) would not appear to have to>o 'great
- • >:ai<:a or b-5 of too great importance . . . ; is that correct?) (Answer: Xes sir;

• .<..•>• er tlu'.rc are methods of doiiiic this with chemical compound*. 'Amfl •oh" an "
-•• >.-rir: sen trt! basis, we have demonstrated that wooded areas can be stripped of
': iU.i^e. This work was done as part of our antic-fop program.) - •
. * * * "'lie quanti ty of matt-rial to cover an area — well, you cnn sec that they
';.,-'- rf -rilly .small — but when it comes to a number ot square miles, the nuanber of
i-'i r-""£ aiik-s that can iojri.stically bo covered here, as far as our researcih work
i<i< uncovered, a re vtry few. • '

itr. J'LI/OD. As a strategic weapon, this has no value? •-. , . . ,. " •
One-nil STUUBS. Xo, sir. ' • . ' .
Mr. FLOOD. But, I could particularly V.AO that to advantage in jungle warfare,

o>::a i i i i>t?
Ofiicr.il STCMS. Whf-n it comes to ,a very limited operations, sir, we baive the

chwjii'-a! today that can do that kind of work.
i Question : How long does it take after it is applied to have effect?) ( Ajnswtr :

L'n.'ortiinately, it takes too Ion;;, This requires some 2 or 3 days.) "
Not long after the above exchange took place, preliminary tests

were underway in Vietnam. According to one account —
AmPritti'H defoliation effort in Vietnam bcptn modestly in late IfXJl. Six'C-123

transport planes, t radi t ional ly wed for tarrying soldiers, flew into South Vietnam
,'.-.'•;:» Clark Kit-Id in the Philippines and were outfitted with special tanksKicarry-
:.\_;' JO.iXK; pounds of deful iar i t , enough to cover 300 acres. . - ..... —

The planes flt-vv CO flights in IfXJl and 107 in l'M2 HH oxi>crlinent.s continued.
A toral of ] 7,000 acres were sprayed in 10C2."1 . ,". ,

'•U.K. Conerffs, House. Committee on ,Appr«i>rlnt!on« for 10(12, Itonrltij;a bi'C»re the
S'.ibcommltt'1!' nt tho . . . f 'nrt 4, Iti-m'iirrh. I f i 'Vch ip t iK-n t , Test, u r n ] I C v n l n u t l m i , H7(lli Cong.
!.•<£ B-SS. < W n K l i l n i ; t o n , U.S. ( ) » v f r n i n i > n t I 'rintlni: Ollli'c, l iKJ l ) , p. 2:11.

"Artnro P. (ionznlfi!. Jr. " I x - f o l l i i t l u n — A Cootrovcrnlnl it. H. Mission In Virttniim."
Data (Vol. 13, Oct. 1!M!8), p. 1,1. Acc-orilliii,' t» ri<ronlH of tlio Df i in r t rn i ' i i t of R)!ie Air
Korce, no operational nitufing -wna diint' In 1U01 nltnoiixh BOIIIC ti-Kt nt ' t lvlllrn wnre con-
1uct>*il <iIo»K ranal.s anil roml* nt-ar riulK-on. Ojicrittlonal eprayliiR of C(IH1 cccnm wux
carried O B t l u 1UG2. '

bell, stated that among the new techniques employed agaT^Pne Yiet-
cong was defoliation from the air-—"* * * a chemical means of strip-
ping leaves from the foliage that hides Vietcong movements in thickly
wooded areas." The report continued: "Known Vietcong bases will be
surrounded by bare stretches where the guerrillas will find it difficult
to move undetected from their hideouts, which are often under-
ground."" .'

' Further explanation of the program appeared in a story datelinea
January 11, 1902. It indicated that the implementation of defoliation
efforts had been delayed pending resolution of "the question of how
to publicize this form of chemical warfare * * *."

The spraying now is expected to bojdn soon, following a formal announcvmpnt
approved by high official* of both countries. The announcement declares that the
chemical operation is intended to "improve the country's economy by permitting
freer communication as well as to fuciiitate the Vietnamese Army's task of ket.'i^
ing these avenues free of Vietcong- harassments." 1T

A.week later, it was announced by "a high South Vietnamese
official" that the' program had begun. A 70-mile road from Saigon
to the sea had been sprayed "to remove foliage hiding Communist
.guerrillas" and "defoliant chemicals would also be sprayed on^Yict-
corig plantations of manioc and sweet potatoes in the highlands." The

. account said that "The exact locations of these plantations have already
been plotted by aerial surveys" and tests had been made that showed
that "* * * Manoic and sweet potatoes die 4 days after having been

Saigon, under the bvline of Homer Bigart, reported that. ''The United
States has shied away from plans to starve out Communi.-n guerrillas
by spraying chemicals on .rebel-controlled manioc and riceiields."

The roluctanee to join the'crop-killinj,' program urged by the South Vietnamese
is believed b.'isi-d on American sensitivity to the possibility that accusations
would be made that Americans took part in chemical warfare."

A story appearing in the Bankok World, Februaiy 24, 1%2. attrib-
' uted to a "spokesman'' for the "U.S. Defense Department" stated that:
"Commercial weed killer has been sent to-South Yietnam in an amount
adequate to accomplish the purpose of clearing Jungle growth along
highways and trails." The "spokesman" was fur ther quoted as saying,
in answer to a question: "Xo, the chemical has not been u.-ed for crop
destruction."

Apparently, after these first experiments with herbicides, there was
a lull in the program, while military assessment was made, of their
effectiveness. One indication that tlie experiment had not been au

ITN,.\V York Tim.'* (.Ian. \'2. I H H 2 » . p. .1. (Thi- IVp.irtmfnt of I>ff.-n*n tukos K-M;" w i th
the Now York flmi-H Intorpri-lntluii that ni>ra?ln£ prfsf"'"" »'*>•« Uclsyttl by cousldm-
ItoiiH of pi i l i l lcr i ' la t loi iK.)

'• New York Tlicu'M. (J»n. 10, 10<12), (). 4.
» New York Tlm»>», (.Inn. -tf, 1!")-), J>. 1.



presented in a study by the Agi
cultural Research Service of the U.S. Department of Agriculture,
under contract to Advanced Research Projects Agency of the Depart-
ment of Defense, February IOCS. This study reported:

Some forested areas in Vietnam, wore sprayed with 'herbicides in the early
lOiW's in riu effort to reduce the amount of obscuration by vegetation. The results
were particularly good on mangrove in coastal areas and along canals. Results on
evorgrc-en. rain forests and upland semideciduous forests left much to be desired.
Consequently, a team of military and civilian experts reviewed the operational
si-ray program and made recommendations for improvement. Since there -was a
c'-.-.zrth ot information available about the response of tropical woody plants to
2:-rMc:O.Ds, a research program was recommended that would answer soiaeioif the
c.-: r'.-.-al problems Involving the defoliation of tropical forests.21

•'."Hiring March 1062, Roger Hilsman, a-senior adviser in the State
.: xu'tment, visited Vietnam and on his return prepared'a. number
f-.i :uemorandums on current issues, one of which was the use of de-
:'. •'.''Silts—a device that, he said, "had political disadvantages" and was
of doubtful benefit. Excerpts from a later statement by Hilsman on
this period are as follows: . ' •

rv-foliants * * * were new. They were chemical weed killers, which had been
h t - r b l y developed in the United States and were widely used, for example, to kill
7...urotation along the rights of way of power lines. The military headquarter* in
Saigon thought that these defoliants would bo idoal for clearing the undwlurusti
along the sides of road- where the Vietcong laid their ambushes and for diss.troy-
Lv.; crops in areas ui>: •:• Vietcong domination, and General Taylor and the Joint
Chiffs of Staff agrec-d. The State Department view, on the other hand, was that..
the political repercu^ions would outweigh any possible gains. Defoliation was ..
just too reminiscent of gas warfare. It would cost us international political
support, and the Vietcong would use it to good propaganda advantage as an
fcsampie of the American making war on the peasants. My own-feeling was that
at a much, much later stage, when the Vietcong had been isolated frona the
population and were attempting to grow their own food in the mountainss, the
advantages might be significant. • '

[HUsrnan questioned the advantage of defoliants either- to deny food, to sruer-
ri'liis or to rernovfc cover for ambushes at the time in Question.] * * * As for
removing the cover for ambushes while in Vietnam I had flown down a stretch
o' r-'iad than had been used fur a test and found that the results wore not very ,
;::.[Ti'.-sivc. * • • Later, the senior Austral ian military representative In Salion,
Colonel Sr-rong, also pointed out that defoliation actually aided the anilmwhi-rs— "
if the vegi'tation was close to the road those who were ambushed could take cover
cni ' -kly; wbc-ti it was removed the guerrillas had a bettor field of fire. But the
>'utif>n.il Security Council spent tense sessions debating the matter."

Military assessment of defoliants a-ppears to have involved such
questions as the feasibility of developing techniques by which large,
slow-moving and low-flying aircraft could traverse cnemy-occajpiod
jungle terrain without being shot down: *,he selection of else appro-.
prio-to chemicals for particular kinds of foliage to be stripped of
leaves; tho timing of the spray missions in relation to the local rain- .

fall pattern, and local wind conditions, in addition to military tactical
requirements; and the survey of the urea to be sprayed^•jyermine
tho risk and extent of inadvertent damage to crops and t^^^Bplanta-
tions. This learning process coincided wi th internal in?ta1«PPR within
tho Saigon government, and the gradual enlargement of U.S. mil i tary
personnel serving as advisers to the field foives of the (/ovtnmiCT.t.
Mesmwhile, separate experiments in U.S. territoiy, and in Tliailand.
helped toward perfecting the. techniques of application. In. particular,
the. mil i tary authorities,!/! the United States wore concerned over tho
various timelags in defoliation evidenced by the different species of

. plants to which the sprays were appj ied.
Evaluation of the proposed military uses of defoliant Chemicals

.by the Department of State, judging by the Hilsman discussion, in-
volved the impact of world opinion on U.S. foreign relations. The
various work orders by the Advanced Ke?earch Projects Agency
'(ARPA) of the Department of Defense to the Department.of Agri-
culture had to do initially with the mili tary effectiveness of the chemi-
cals. Later on, questions were explored as to residues in plants and
in the soil (March 5, 1063); however, in these initial stages no signifi-
cant emphasis appears to' have boon placed on the need for .research
concerning the long-range effects of herbicides on the ecology;

The. Department of Agriculture studies for ARPA inclulied («)
vegetation of Southeast Asia: Studies of forest types, December IT'O."*;
(Z>) forests of Southeast Asia, Puerto Ilico, and Texas, published Sep-
tember 10GT: and (c) response of tropical and subtropical woodr plains
to chemical treatments, February IOCS. • ' ]

To prepare the first report, Fred H. Tschirley. Crops Research Divi-
'sion, Agricultural Research Service, USDA, visited Thai landjdunng
December 1063 to January 106-i, and December 1064 to February IDf;:,.
In Tliailand he was assisted by Thai forestry experts, and part icularly
Mr. Tern Smitinand, taxonqmist in the Royal Forest Department

'of Thailand. The purpose of this first reconnaissance was to identify
• tho characteristic types of foliage growing in wooded areas of ^oath-
east Asia. ,. ' ' ' '•&'•...-': •• •• - - . • !

Tho second report fronf'USDA-to AliPA was a comparative study
of forests in Soutluvist As|a in .comparison with forests in Puerto
Rico and Texas. The to re wo'Fd to this study states: . !

* * * Information on the floristic coin]>ositton and structure of a par t icular
forest type, occurring under tropical, subtropical, or temperate C"ndi!i<>:is, is
essential for comparative purpose, nnd is of value to tho ecolo^'i>tt fur»sfcr,
KCOKrnjihor an<l others. In brief, vegetation is the su in ina t ion of climate, coil
tyjK'S, and general conditions in a part icular onvironnu-tit .

Throughout tho report, emphasis is placed on analogous and nnotnalous
features of the forests of Southeast Asia. Puerto Rico, and Texas. This com-
parison is based principally on investigations conducted by the author [l.iowMyn
Williams] throughout-Thai land at In tervals dur ing 1SXJ3 to i;xk*>: in1 Tnorto
Bieo In April 11K13 and June liKIO; and in eastern Texas in September 10«',«>. Other
studios, osiKH'ially on sctMlling.s apivaring in succcssional growth, wore con.lui'tcd
in I 'uorfo Kico hy J. A. Duke- during llKiS to ISKiO.

Tiie third report, eoinpilod hy Tschirley, described the results of
experiments wi th herbicides in Puerto IJico and Texas, and interpreted
tho effects in relation to military objectives in Vietnam.

An indication of tho development of the scientif ic aspects of tho
program is provided by .tho summary of successive work orders ami



-AUI-.-V urucr i^^^m LISSUOU j.in. ;ju, i:x>;ij was established for a 2-year
orl. The objecfl^^Pl ttic work in College Stntion. Tex., were to: "Discover

d evaluate new herbicides and principles for killing trees, brush and other
leration; develop methods of evaluating herbicides on different species of
ody vegetation; develop methods and principles for improved application

chniques; ami dotcrmiue effects of promising- herbicides." The. objectives of
research in Puerto llieo were to: "Conduct advanced evaluation of pronnlslns;

decides for k i l l ing tropical and subtropical vegetation ; and determine optimum
::\f>s and rates of application, distr ibution patterns, formula Lions and im.xihircs
-r :no>n effective use of herbicides." The objectives of the taxonomie investijja-

i'fj-z were to: "Obtain sufHcieut botanical information so that correlations can
l^ ta:ide .lietween vegetation indigenous to COXUS ami Puerto Rico, and South-
f:-st.\.*ia. " •

AIlPA Order Xo. 424 was extended for an additional year by amemlionent
Xo. :! dated March 5. IOC,". Additional objectives of the research were to:
(1) K;uph:}«ize effects of environment on behavior and effectiveness of tier-
E>ieiues a nil persistence of control including residues in soils and plants. {2)
study secondary succession of vegetation -following different herbicidal treat-
ment.' as related to "visibility," (3) correlate the results of defoliation in. Texas
an.j Puerto Rico, (4)-investigate methods for improving absorption, transloca-
te:, and a-ctivity of herbicides and defoliants, and (5) compare the penetration
: s-.-raj-!» through a forest canopy that is obtained from a cableway system with1 . - • ( obtained from aircraft.
A st-cond extension was granted by amendment Xo. 3, dated March 29, lOdC.

.'urins: the final year of the project, increased emphasis was given to the effects
••" vavironment on herbicidal effectiveness, the composition and frequency of
'.'.c-Tessional species following herbicidal treatment, the effect of defoliation and
:u:;-;-i-ient regeneration on -the degree of obscuration, and herbicidal residues.
r. !<•>• h plants and soiN.

The interrelation <••' data from the fields of taxonomy, ecology, weed science.
UK! engineering have been extremely valuable during the course of this project.
Ft is axiomatic- that the breadth of a study determines the.extent to'which
i.ifa developed from that study can be extrapolated. For example, a great deal
>" research han rn-ea done on the control and defoliation of woody plants in
eapvT-nte zones. Information was available regarding which herbicides were
nost effective, what rates should be used, and when treatments should bo
r:adir, Hut no one could extrapolate that information to a tropical evergreen
ores': with any degree of. as.si;rnnce. In like manner, penetration of a spray sola*
;on through a forest canopy wviild be expected to be different for a desert s=3mib .
ormntion, a coniferous fore it, a temperate deciduous forest, arid a tropical •
•ri-rgrecn forest. Once the effective herbicides, the penetration of spray solu-.
;<>!;.-•. and the taxonomtf a f f in i t ies of several diverse vegetative types are known,
xtr.ij^iation of that inforiiiar.ion to entirely new areas win he made with much

r;<>rv assurance. Thus, the correlated efforts of taxonomists,.engineers, and iveed
'•>r.ti.sts in the AIU'A project has provided information that can be allied
••;th reasonable assurance on a worldwide basis, rather than being restricted
••• UK.- area of investigation.0

By July lDo'5, f l ic main emphasis in mi l i ta ry research in horbieidos
v;is on shortening the reaction time, of plants treated. However, the
'-c!nif»!oj/v was so new—for mil i tary purposes—that precise perform-
';.-*• - 'Kvifif-.-ifions had not bwn developed. As ono civi l ian scientist
xpn-.-^ed it: ' . ' • • . ' . .

It iroos without saying that the materials must he applicable by grimiul and
Jr fpray. Miat they mi'^t be logisticaily feasibk;, anil t l i a t they must be- uou-

** U.S. Pi-p.-irtmi-nt of Ai f f l cu l t ' i r c . A e r l f i i l l u r n l Ki'itcnrch Sorvlci'. KcHcnrch Ki-port . .
......in-c "f Trn| i j i- i) l nf i ' l S t i l i l r i i j i l n i l Wdnil.v I 'J iuif .s t i> C l i i ' i n l i ' i i l Tr i ' i i tn i rn tH. Ciinii't'i'it tiy
f'-'l If. T"<-h!rl"v. Crojrn H'"<ouri-li Division. ISHKCM] on Iti'scnrrli C'miliicti'it tiv I,. V. JHOIIHI-.
( al. IJniliT AUI 'A Onlcr No. 101. Adv i incp i l Hi^carcli I 'r i iJ '-i ' tH Aci-ncy, U.S. I>i' |uir««iout
[ r)cfrii«i', CJC-W-C7. I-'i-tiruury JOfiS (U.S. I>i!{iitrtniCiit <>f AKrlcnl t i i rc , 1(I«S), pji. 4-5.

irt-'i;i, LU me usuai luiniary-nuiusinai couaiioratioa * * *. in t
do not have rigidly specified characteristics. I have stated t-oinu o r o broad
requirements that a successful defoliating chemical should have but. within th«
general framework wo will accept and use materials that will do a job for u>.
In a few years it may be that we will come up with more definite .specifica-
tions* * *.« . .

During the first 5 years of defoliant use, the rato of increase was slow.
In 1901, only.GO missions were flown; 107 occurred in 1002. However,
by the latter part of 19C5 the rate of use began to increase sharply. (See
tableS.) . . ' ' j

. TABLE 3.—ESTIMATED AREA HERBICIOALLY TREATEO IN SOUTH VIETNAM, THROUGH 1053 <

. " ' • • (Figures in square mils:!

. Year

1962 „.,' .,
1903 .,
1964 ...^
196S >.
1966
1967 .-....•
1968 '

Total!'...... I J.,

Defoliation

.'. „ 8
. . . .. 39

130
...: 240

1,160
2,320

. ,. .-. • 1,980

• ' • 5.877

Crop attic'*

I
(!)

' • U
103
158
343
100

726.

Total itti
sprayel

9
33

Ui
343

1.3iS
2.6G3
2,083

6.603

1 Source: Letter to Representative McCarthy from Legislative Liaison, Department ol the Air Force, Mi-/15,13S3.
'Less than 1.
> These figures do.not represent total acreaje soray

figures calculated from missions flown, tank capacity,
is estimated at about 60 percentof the indicated total. t 1 seres ,

; about 2,540,000 acres anj tiic tolal amount of trsalment applied is aSout 4,226 ,BOO acres.

Full-Scale Military Usa of IlerWaidcs^ 19G6-G9 •
• • By 1967, herbicide usage in Vietnam began to level off. However,
military procurement of "defoliant chemicals continued to climb, to
build a stockpile of reserves for the future.-3 According to au oflU'ial
statement about the program, released in Saigon:

Jiy December,' 10G2, Kan'ch Hand [code name of the aerial defoliation program
unit] had completed two iiew project*. These were the defoliation of canals and
rivers In the south and a pass south of Qni Nhon.

In IOCS lines of communications targets included a powerline from Daliit to
Saigon, the railroad from Saigon to I'han Thict, and other highways and canals.
Bcx.-au.se ground tire and hits to aircraft were increasing, the Ranch Hand un i t
experimented with spraying at night with lighting provided by llaro ships and
by moonlight alone. These operations were dj.seonthnied mainly iKK'nust- of the
small chance of rescue in the dark.

DofoUatiou derations increased in 10G-I, and hits on aircraft became more fre-
quent until on April 30, one aircraft was hit 14 times, and the copilot was

*• 17.S. Anrij-. Itlo!o»rl''ril T.nhonttnrli-s. CY<>[« Hivlslon. rrdr.'ptHncn of the First Defolia-
tion Coiifcn-ni'i'. .Ttilj- 2U-IIO. ltir,:l. Itioliiulcil I/ihoriitorlvn. i-'cirt Dotrk-k. Marylivtul. Com-
pllod hy Vi 'Mtn /.. Miittle. Mnn i ln ry l ini t . AD SML'TXT 1). pp. 1.1. til.

»lii 'clnnliii ; Apr i l 1. 11IU7, lu l l l ta r .v rnt i ' i l onlrrn pr i>- i ' n i | i t 'Mi pri i i tuet inn of 2.4.5-T f.ir
use w l f t i 2,4 -I> t» proiliicc "(^riLri^n" ticrtiU'ldo, the most r>xt i ' i iHl i - r ' ly ijii'd cli^mlciil < i i ' f o l i n n t
In Vl i ' t nn in , AH pro i l iU ' t ion l iu ' r^M^ci I :nul tnUHai' .v r t 'q i i l r i 'n ionrs slacktriU'it . ;1i<* coti trolx wort*
l i f ted dur ing A p r l l - M i i y , IDf iS . They WITP t h > ' » rt 'xtureil , and n i l Jinn1 production wi-i . t to
in l l l t i i ry piiri'linsiTs. TlHTi-iifti ' i- , n i loc i i i l un w n s p n r t l n l . and hy mld-I ' i -C'-mhcr, Ifti!1*, t hn
controls wcro te rminated . Slnro t tn-n. t in* i n l l U u r y H« i rvt r t^ havi* p t i r f h i i ^ t - d no hi'rt '!<*M«?
nt ni l . Ac tua l t>xt>i 'nd i lu r i ' !< fu r m i l i t a r y h<>r l>! r !d<> rose from .flu,.") n i U l l n i i In the (lii'jil
101)(I to $45,2 million In l''.Y. 07, and rcnuiliicd ntiuut nt that Irvi't fur nnother



\v(.>..:nde-I. At this t^e operations \vere discontinued for mililarj" reassessment,
tbcr vivtv ri'siiiri'^^^^ly with increased sorties prosr.'imed.

A srii'liial iuci^^^H sorties continued during 19C-">. and in nud-Xovertiber the
Kaneh Hand uu^^Hr almost doubled as three additional aircraft and crews
arrived from the UfiHed States."

In the spring of 19G5 the first systematic program of aerial spraying
to destroy food crops was begun in Vietnam. A story datolined 'Decem-
ber 20 from Saigon, under the byline of Charles Molir, in ilio New '
York Times described this program as having begun "last spring." It
was ':a politically delicate subject." According to the story, "officials
say that no herbicide [i.e.; crop destroying] missions have beers, flown
or will bo flown in heavily populated areas"' (such as the Mekong
I.'olta). The missions were "aimed only at relatively small areas of
major military importance where the guerrillas grow their o«rn food
or wheiv the population is willingly committed to their cause-/'2r By
early March 19G6, crop destruction had become an important pliase of
counterguerrilla. activity. A statement was made, public by the Depart-
ment of State, March, £), reporting that some 20,000.acres of crops had
Been ctascroyed to deny food to guerrillas. The areas involved were
dexribed as remote and thinly populated, and "known from Intelli-
70nee sources to be occupied by Vietcong military units." The .state-

:-.fc also described precautions being taken in the crop-defoliation
..'mm to avoid adverse effects on noncotnbatants:

."..•* herbicides used are rr'-.'ifoivic and not dangerous to man or onieanl life.
".': !:;:ul is not affected for fi:r ir« use.

~';-e Yiotcong and n.-iy innocent persons in the area are warned of the gd.iimed
a' t .oa. Tney arc; asla-sl to leave the area. They are promised food and Eocv.3 treat-
ii'. nt v.'hen they move out Tlio.se who have moved from Yietcons territory for
uiJ.s reason havo b<?<;n fed and eared for.25 ' ' ' " " ' • " . . ..

By Sfptember I960, the defoliation spraying program by aircraft,
again?t forest cover had been extended near the DMZ.-'J By the end of
rl : - i t month, the possibility of defo l ia t ing jungle growth withLn the
j /M% itself was reported to be under consideration by the ..Joint Chiefs
or Staff'. It was also reported that Gen. William. C. Westrnors-1 and,
C-mrnander of U.S.'.Forces in South Vietnam, had asked for Presi--
:>,'.","!a! approval to'u.se herbicides to defoliate 50 square miles of the
;ii?:_r!e-covered mountains of tluiDMZ.30

By early IOCS, the program had been well established for botli re-
no •,-;•.! of jungle cover and crop destruction. The Department of De-
rVr,.-e released statistics covering the year 19G2-G7.31 At about thi.* same
ti. ' i i f - , it was announced that the Air Force was "preparing to slump
10 mil l ion gallons of vegetation and crop-killing poison over South
Vicrnam in the year beginning in July" of 19GS~f>f). The chemicals re-
quired would cost $70.8 million. The report concluded: "FHgfots of

'-* At rcp"'t''<l !D: T«k««M Oka. "Tight Controls Pinpoint DffoHntlon." CtrlBtlais ^So-lcnco
Sf-oif.r. ur.ir. 2S, J O C ' l i . p. 4.

^O'har i"* .Mohr, "U..S. Spray PJaacs Dcstfoy KIce In Vietcong Territory." Sew i'orfcr:-'..--. (J)'-c. 21. l!n;3). p. 1.
" 'V.H. TcllH of C'rop Dctitructlon In South Vietnam." N'ow York Times. (Starch 1<S. IflfiO),>. (>.
" T.R. In ncfnl la t lon NVnr nnffer Zone." (Story fiatellncd Silicon, Scptembnr-sa.) Ni'Wlo rk TliiiPd. CSi-pt. 24. l!)(5<J).j>. 2.
kv 'Krnnt-I ,! i>(> T;n!t« Hnck I)i-f»!Iiitlon." New York Times (Story DatcllawJ DaruuEK, Sept.

!S) New York Tlmps. {O.'t. 2, 1!HIO). p. 7.
*!"(;.H. To KxiiunU I>cfulltition la South Vietnam." \Va»hln«ton Post. <May 13. IOCS).

>. A-17.

Air Force C-123's equipped with 1,000-gullou <
tanks began in 1962 with a modest 107 missions. Chemical OL
have continued to escalate, however, and by 1%G, U.S. pfl
flying more than 3,000 spray sort ics a year." '•''- ^^^

In actuality, the military use of herbicides in Vietnam^Tached
its peak in the fiscal year 19G7, and declined somewhat in each of the
following 2 years. Whether or not in response to the cautions expressed
by Dr. Tschirley of the U.S. Department of Agriculture (see pp. f>0-
51) and Dr. Pfpvft'er of the University of Montana (see p. GO) there
was evidence of an increased military restraint in herbicide usage.
The complex mechanism of defoliation target selection that had
evolved to apply the expanding criteria of suitability (?f-e p. IS sq.)'
provided opportunity to bring these cautions to bear on military herbi-
cide operations. Moreover, with increasing experience, the military
services themselves had become better able to judge both the values and
the limitations of herbicide application. By May ipC9, the Depart-
ment of the Army was preparing to issue a new manual of instruction
on herbicides for troop use. (See app. A for text of the draft.) In addi-
tion, the Department of the Air Force was soliciting a contractor to
perform work looking toward the "ultimate goal" of a "handbook for
Air Force base civil engineers with worldwide recommendations for
effecting vegetation control."33

DecinoMnaking Arrangements for Military 'Uses of Herbicides in
Vietnam

The complex political situation in Vietnam has resulted in numer-
ous difficulties in U.S. support of .the Republic- of Vietnam (RVX).
Military and political decisions are complicated by three Pels of cir-

:cumstances: ( l) 'by the informal nature of the undeclared war. wir.ii
its mixture of regular and irregular troops confronting RVX and

•supporting U.S. forces; (2) by the mixture of economic motives in
•which the progress of the KVJS" toward economic and political 'Sover-
eignty by replacing a colonial economv with a self-controlled economy
» ' » - f •» I- * i i -j , .*, •.. • ... i i i' _„• n . 3 ~ t * ^ ,"

quiring coordination with U.S. military
against.guerrilla and North Vietnamese forces.

The use of herbicides in support of military objectives is similarly
complicated by these sots of circumstances. Although extensive U.S.
military forces have l>een brought into the territory over which IJVX
asserts "sovereignty, the role of these forces is as invited assistance in
support of a friendly nation. Accordingly, the use of herbicides, a
novel form of mili tary technology, has required two-sets of formal
mili tary approval. In addition, since U.S. objectives in the area en-
compass not only mil i tary but also'economic and sociopolitical goals,
the actual field plans for usage of herbicides for military purposes
has required review for military, economic, and sociopolitical eti'ects.

""U.S. To Increase War Use of Crop-Killing Chemically." Washington IVst (Mai 10,
lO i lK) , pt) ,
" "KMiOiirch and Development Sources Sought." Commerce Business Daily. (Mar. 2$,

1000), p. 0.
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Insofar asU.S^HJlitary forces are concerned, the All-Service, Man-
nal of Armed I^^A Doctrine for Chemical and Biological Weapons
Employment a^^^pefenso34 specifies that "The President <rf • the
United States nmKes the decision to.employ CB weapon?." Also, "'The
ileeision for U.S. forces to use chemical and biological weapons rests
with the President of the United States." It adds that "commanders ure-
currently authorized to use .* ,* * defoliants."35 Defoliant is defined
in this manual as "a chemical used to remove prematurely the loaves
from plants." " ' . ' • • . - . . ' . ' :

Although the President, of the United States received, an it acceded
to, :i request from the. IIVX for the uset>f herbicides, the policy was
?.~t- Mished at'the outset that proposals for defoliation actions would
[•-; initiated, by the Vietnamese people, locally, and would be reviewed
!-y l.-oth military and economic group?, and by both United States and
Republic of Vietnam authorities. A statement issued by the Depart-,
:•: ' 'if Defense, late, in 1%7, describes in general terms the naodus.
\.--^ ••• r i i involved in. this program, as follows:

U i* the jK>!icy of the Government of Vietnam to take every possible s'tep to
r.Lif-:- the prod'^-tinn of fowl for its people. It is the policy of the United Suites
to assist tue Vietnamese in this effort. Many steps have been tak»-« in tlae past
in thi.s direction—through the import of fertilizer, the introduction of new strains
• >! livestock, improved growing teehiuques, and other methods. As a result of the.
r ••• . - r . t Honolulu conference and the visit to Vietnam of Secretary Freeman arid

:;m of agricultural experts, new and. more intensive efforts are lieing" mndcr-
• •:: in this direction.
; <;•• question has been asked how can we and the Vietnamese fry to increase

-.-•! production, on. the one hand, while defoliating trees and destroying:-crops,
j.i the other. First, these, two matter.-* should he separated.

Defoliation has been used to deprive Communist guerrillas wlipw? poss-uhle- of
r-*»vf-r and concealment. It is used along roads, railroads, and canals wh<we the
V'lefi.-ong. have regularly taken advantage of thick foliage to set up amRnishes
.-.jninst both military and civilian traffic. It is used against remote Vic.teotss hase
i ?-,:.-: where, the Communists have used thick natural cover to conceal! their
f-.--av.My fortif ied training and recoupment centers. It is used against laiowiu trail
rni]r--s winch the Communists have used as supply channels for men and weapons
in South Vietnam. . .

In some cases, herbicides have been used to destroy crops in remote- areas
!•••::;: occupied by the 'Victeong. Tlie areas affected are known to be nsscd to
;•.- .cliir-e fix>d for Vietcong mi l i t a ry un i t s in the area. In war, food is as <essen-
::al to the effectiveness of u mil i tary u n i t as its weapons and flmuimiUiora.

Several things should be noted in this connection. The areas nfleeted Biy this
::.:!r(-'l crop destruction program are remote and thinly populated. Tlwey fire
:.:"-.v;i from intelligence soun-es to be occupied by Vietcong military iiuifts. The
• ••••'. - i f l i - x used are no-itoxic am! not dangerous to man or an imal Jjfe. Th«- land

- •'.'•it :i fleeted in terms of f u t u r e u.se. The Vietcong and any innocent pcrwons in
- .- ari-ri arc warned of planned action. They- are asked to leave the urt>;*v. 'They
:•• promised f<cid and good treatment when they move out. T!in«<> wl«» have

- .;v.'d f n u n Vietv-.-jng territory for this reason have been fed and '('anil ifor.
A scfoml j K i i a t — a l l defol iat ion nnd crop destruction actions ane initialed liy

:.i- Vietn:i:;n'.-f themselves, l isual ly a district or province chief who has located
iri nr.-ii f . f ' s ; i<nvn Vietcong oc'-npation. .

Tie- run-raff and te<- i i r i (< - , i l capnbi i i ty for this program are IiiwJy Ani<e.ri<-aii
• i . -n j . l y tK-<-:Mj>(; the Vietnamese do not yet. have the personnel arsil oquFifluneiit
•-rivwiry. I'.nt tlien- is Vietnnmese part icipation at every stage anil tlm iiiiil.ijitive
'••r all sueh programs Is entirely Vietnamese.1"

«FM 101- (O/NPW SflfrWAFMaRB-S/I-KMO 3, DnimrtmontH of (lie Artny,
i n < l I l i o Air Kon'p, April , 10(14, p. 3.

" l!.i<l.. p. 4.
M lw- [ i t i r in ient f>f DcfpnNc. "TJifi U«> «f Dffollunti in Vietnam." (Oi

act hln-ft. No ilntc.)

Navy,

. A. news account, of this program of target selection
early in 19GG, described it as follows:

Setting up targets is a ticklish diplomatic business. Xo
eitljer Uni ted States or Vietnamese'army commandi-r.s, but if an Aai»rieai;
wants a target sprayed, he-has to pass the recommendation on to a Vietname-e
officer, wliO goes over I he target with the province chi>-f. TiK-n t l i f - refommenil.-t-
tion goes to the Vietnamese Army's general staff in Saigon and, if approved, the
request is sent on to the intelligence section of t he U.S. Mi l i ta ry •Assistance
Command—Vietnam in Saigon.1" • • t

In pnu.'tiee, requests for approval of herbicide targets'.proved up
fr\vo parallel chains of command. Specific approval or disapproval ac-
tions are required at each level of both chains. One is the Army of
HVX chain which requires approval of the district and province chief,
and three other levels, before being, submitted to the U.S. 'Military
Assistance Command—Vietnam (MAC-V). The other is the U.S.
chain, which runs through district adviser, sector adviser, divisional
senior adviser, and corps senior adviser, before going to MAC-V. Ap-
proval by these officials carries with it the assurance of approval by
local civilian U.S. technical authorities (AID, etc.) at These levels. At
headquarters, MAC-V,. the target requests, countersigned up both
chains, are coordinated, with Joint Staff intelligence, Joint Staff opera-
tions, the Chief of Stall, the Embassy, U.S. AID, and two civil affairs
groups—the civil1 operations revolutionary • development support
(COUDS)_ and the psychological warfare 'directorate (MAC-PD).
Coordination is managed by MAC-V ofiice 20:>. Only when approval
lias been completed may the proposed target be scheduled."

• An" indication of the scope of information needed to accompany a
target-request.is the following "Checklist, for Defoliation Requests"
prepared f o r u s e i n this process: • ' • . . .

CHECKLIST FOR DEFOLIATION REQUESTS* ;

1. Overlays or annotated photographs depicting the exact area.
2. Target list: . , . . . '

(a) Area—Province and district.
. - . ( & ) UTM Coordinates. . - . ' . :' .

(17) Length and width.
• , (il) Number o f hectares. . - • " . ' . - •

(c) Type of vegetation. .
3. Just ideat ion: ' . • . . , ' .. •

{«) Objectives and mili tary worth. ' - . '
(6) Summary of incidents. • \

4. Psywar annex (prepared by sector) : ' •
: . • ( < / ) U-allets. • .- \ • •

( f c ) Loudspeaker tex.ts. ,. 1
C, Civil aft'uirs annex (prejiared by sector) : • •

(a) No crops wi th in one km.
(l>) Contingency plan to provide food or money to families whose crops

ure. accidentally damaged by the defoliation Deration.
0. Certification by province chief : , . •

( < / ) I'i 'oviiXT chief nppi'ovul.
. . . (l>) Indomnltieatiou will he made [by IIVX] for accidental damage to

.- crops, • • • - '- • . ; .- •' . . .
A major consideration in decisions to approve u proposed target for

^rbicido appl icat ion is whether it accomplishes a mi l i ta ry objecfivo

« W Pi-mien " l i i - d iHuMni r t i
3-1-.

i - m e - i ,
., I 'N'liriMiry '.'«, l!>iirt. <.iimti'il In M l i t l t i - | » > r t . Oi>. clt . . p. 12(1.
l i i foni i i i t lon pruvliltnl liy Dr. Mlnnrtk , May 5, i'.KKl.

"Source : Mlineotjriipli »hcct HU[>i>llcil l>y Pr. Mlniirlk.
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for its adverse_eiu-ets on the economy of the .country. There appeal's
tci be no question but that the program has injured the economy—
'-.' rough iiitidvertent damage to rubber plantations, injury to tiinber
.';--:\~. and' t l r i f t onto food crops, for example. Inadvertent damage is
r : ; .'.rently inescapable. However, it is reported that complaints of
'-,'. .i vet-tent damn go, collected and reported by U.S. AID, which
;.-.r"icr -were numbering some 30 a month, had'been reduced to 3 a
r<cv!-th by early 1D09.SO

Constraints on the program are imposed by physical circumstances.
[\-foliation is most effective during the growing season, and is much
• •- effective and slower at other times. The type of foliage to be at-'

•'• ;-iilons (32.25 pounds) per acre. It is delivered by aircraft flying at
.-r altitude of 150 feet, at an airspeed of 130 knots.-10 To avoid drift
-.:"!' for spraying during early morning hours "while inversion tem-
•••--M ture. gradient, prevails and the wind speed is still low (does not
:: c-dSknots).'"1 '
As to the rate of application of herbicide, Dr. Minarik has said:
T; is potent herbicidnl mixture [i.e., ORANGE] is being applied without

';• • . - . •• -Q ; but this is necessary to reduce the number of sorties required to. •
--.: . in area, of a. given size or to state it conversely, to maximize the area

• -.-.:•;.: jt-r mission. - ' . . . . . .
Ti:n.v- gallons per acre deposit is employed. We-would prefer to u.se less i f-
• could get uniform deposition, but in these dense jungle areas where there :

. !j be 300 tons of veg'/tatlon per acre, this is the minimal effective volume.
".;» Z gallons contains 2-t pounds of herbicide on an acid equivalent basis. This' '"
i-rii dosage rate is also a requirement since much of the vegetation consists '
r tr«c-.-3 100 to 1ZQ feet tall.'- . -

Military assessment of the program lias been sustained throughout,
nd has received the participation.of both scientific staff people in •
lie. Pentagon, and military, and civilian personnel in Saigon. An .
coount of the course of this assessment was recently reported in
lie following terms: - ' . • •
Prior to operations in Vietnam the DOD sponsored research by tlie Depart-

i-ijt of Agriculture in Southeast Asia, I'uerto Rico, and Texas, to ascertain
;t- effects of massive herbicide use on analog vegetated areas. This research.
. suited in two rather lonjrthy rei>ort.s [which wen?] : .

"Foiv.sts or Southeast Asia, Iii<-rto Itlco, and Texas." U&DA Report
CK-32-trr, September 1007, AD-W-IOTO.

"Research Kfport—Kesi>onso of Troplnil and Sub-Tropical Woody Plants
to Cheinic-al Treatments." US DA Report CR-1S-07, February, IOCS,

' ' • "

« C. i-:. Ml . inr lk . "The C«c of [lerblrldfs in VIMrinui." Paper delivered hofore N'ortbi'astcrn
ff- ' l (.1-111 ru! Conference, New Ynrk City, Jim. IttiiH
" I > n i f t muni i r . l nn uno of clivintral nh'vnM, rliaptor on "Ant lpl i ia t Aifitnt OncriiUonu.
I'-i'I" ',,I'1'<- |lIll'V'l Aspt-clK" MS slimmed by Dc[in.rtr.ifut ot UeCcuge. N'o Uate.*• ilin.irlk. Op. clt., p. 4.

Based on those studies, and nr...-it the knowledge, t ha t the use of
of mi l l i o i i n of pounds of lurrbield-- in the United States over 20
stiirtliiiK adverse effects, the l.'nited States proceeded with the
gram for the purpose of increasing visibility in heavily forested
nmbTish along roads and canals and to increase ground and aerl:iWP^veilUiii'.-e
of Victcong hideouts.

The use is restricted to South Vietnam, -always with the approval ami
usually at the request of South Vietnamese authorities. ISeqm-sts for approval
are considered at s(fveral levels of mili tary and civilian authori ty, both Vic-r-
nainese and United States. In all cases approval of the province ehi.-f, and
the central government is required.

Realizing that the area of I'niK-term ecological effects of massive u.«e of
herbicides was not very well known, the DOI> siwn^ored a study in 1007 to
collect the available information. This study is * * * as follows:

"Assessment of Kcologicsil Effects of Extensive or Repeated Use of Herbi-
cides", Midwest Kesearch Institute, Kansas City, Mo., December l'J<J~,
AD-S24314.

. The study dealt largely with the effects of herbicides in the United States,
whore massive, repeated use has been carried out for the i>iu'i>o>es of crop, rang*-,
and pasture management, right-of-way maintenance, and 'control of weeds in

. waterways and miscellaneous areas. * * *
We requested the National 'Academy of Sciences to review this report for

accuracy and completeness, which they did. The report and the review were then
sent to the American Association for the Advancement of Sciences for considera-
tion by the Board df Directors . * * *

Subsequent. to this effort, Ambassador Bunker of the U.S. mission in Saison
convened a group to consider all aspects of the herbicide operation. * * » The
technical study contributory to [the release of data by the mission] was in-
formed by Dr. Frerf Tschirley of USDA, who published his findings in Science,
yoluine 103, February 21, 1000. He has recommended that ecologic research be
conducted in Vietnam after cessation of hostilities, that continuing assessment
be made in Vietnam, and that defoliation be conducted in strips or checkerboard

' patterns to leave undefoliated areas for seed source and wildl ife habitat. His
.'recommendations were endorsed in principle by Ambassador.Bunker. * * * "
. Indications are available, that the"sereeninc:.T>roee?s for a'-^'-'u-ul
of herbicide targets is more than pro forma. There arc many asser-
tions that no aerial herbicide spraying has been conducted in the large

. delta area south and east of .Saijron. and no evidence has l«en i»und to
the contrary. Also, according: to Dr. Minarik. a number of province
chiefs have given a general disapproval to spraying within their juris-
dictions. Crop spraying has been sharply reduced in IOCS-GO. Reports
of complaints or damage claims are also at a lower level than formerly.
Tlie.se circumstances seem to suggest that mil i tary use of herbicides has
become, increasingly selective and tha t controls are in etl'ect, subject to
many different sets of criteria at. d i f ferent levels of review.

Tho extent to which mi l i t a ry control in the field of the use of herbi-
cides is responsive to policy direction from the Oflioe of the Secretary
of Defense, and the, exlent- to which this policy direction has been re-
sponsive to technical studies undertaken under the. stimulus of criti-

•cisms of t i ie program by outside scientists, are matters of pure- specu-
lation. However, it is evident that the. program has received a great
deal of oflicial review at many levels, and also that it has been the sub-
ject of a wide rango of expressions of concern by many scientists. Tho
record of these expressions of concern' is surveyed in tho two chapters
tO follow. n

u t.'.'ttf'f f rc i t i s It. I,, Il i irrls. TVpti ty APsNI 'n t i t Dln-cfor (Clicmlcnl Ti-i ' l iniiln«y).
to 1'MlVssor CimrlON Tuwin% Dcj i ixnmrnt uf 1'lu'slcn, Univers i ty ot California, at
Apt. 23, HHJ!J.



IJL CIUTICIBM'OF HERBICIDE WAKFAKE
•j^^^were found for expressions of disapproval of the
il^^HSnicals in Vietnam, when directed against guerrilla

i crops, or jungh^Wver. The earliest criticisms questioned the military
1 effectiveness of the technology, and the risk of inadvertent injury t<
1 Vietnamese crops and plantations. For example:
a » ^ ^ - - - -

| Various gi
I use of defolia

* * Our chemical warfare people have been very unhappy for the last 4 or
"> years about the whole operation. * * * Defoliation is no new gimmir3£ with

a tin- Army Chemical Corps. They have come here ami shmvn no t,i. .(n~,^ ~-..i toij
I . ... „,„.....,.... j./1-iuiiiuKm is no new Kinimir
1 the Army Chemical Corps. They have come here and shown us pictures rtiad

us that in some areas it was not effective. It was not tactically successful."
I An early protest by scientists against military uses of herbicides was
| contained as an addendum to a statement on biological and chemical
jl weapons-adopted by the Federation of American Scientists, at a spring
| 100-i meeting of the FAS Council. After urging "no first itae.?' of
| chemical and biological weapons, and discussing these at some length,
I the statement concluded: '

. , r a e o a n g aigents
h.:ve t'OL-a used to destroy protective cover have boon continued by reprawenta-

I tivt-s of the Department of Defense. These charges give rise to the broader fmpli-
|e,iriou that the United States is using the Vietnamese battlefield as a psrovlng
I f i ' - . iur i f l for chemical and biological warfare. * * * We are * * * opposed to
je.':;vr:nientatlon on foreign soil, and also feel that such experimen-tation laivoly--
|:r'~ citizens of other countries compounds the moral liability of such actions.'* - •
I Later, when anticrop K.-.--J of defoliants had been adopted as a policy
| in Vietnam, a prou;.-:t was addressed specifically against this practice .
I by a group'of 29 scientists from the Boston area, under the, 'leadership' '" "••
| of John Kdsall, professor of biochemistry at Harvard University, in '
January 1966. However, the remedy sought by the protesters was the ;

, e proesers was te
abolition of the use of defoliants. The group appealed to the

President "* * * to proclaim publicly that the use of such cheaiical
1 weapons by our Armed Forces is forbidden, and to oppose their use
I'.'y the South Vietnamese or any of our allies."' According to thcr
|-*V.-:raent — • . ' . * • , '
3 Kr.-n if it can bo shown that the chemicals are not toxic to man, such tactics
•.I;.-- barbarous bccausi? they are indiscriminate; they represent an attack OTI the
I1:. r i f f population of the region where the crops are destroyed, combatants and
if i •:, ,T>jjib.itnnts alike. [Moreover, such attacks would serve as a] precedent for
I !.•• «:.•?(; of .-cir.-iilnr but even more dungcroti.s chemical agents against our allies
f J T j - i our.xdves. Chemical warfare is cheap; small countries can practice it <cffee-
I'ivp.'j- against us and will probably do so if wo lead the way. In the long raw .the
|;-.- ,it .•.-iK-h weapons by United .States is thus a threat, not an asset, to ouar na-|i'.f;.-il security ,**

| During the latter half of 19fiG, a move was initiated within tho
;,.-. •i.-iber.-Jiip of the American Association for the Advancement of
?-'• i i - i i ro (AAAS) to formulaic and adopt a policy concerning rnuli-
I ;;ry use of herbicides. The lengthy process of assessment by the AAASI --
J " I'.S. CII.'I^T '•(•». I lnnxe. Coti»ii l lt i>c on Appropfjjitlnris, Drjinrtuii 'nt of IVIVn.so Apffirit-
j . ' l . - i f l ' i i . i ) f...-- I'.n/ii. I Icnr ln iTH brtotf u Ki i t i cn i i i in l t t fc of t l in . . Tnrt 5, l!«\sp;tr«:li. IVuu-li ip-
.! >:,!, To«t. .in 1 1 Hrniiiallon. Svith CuiiK,, lut KPH*. ( Wunhhitttou, U.S. Oovi.Tuuu-Ht 1'riaitlni;?•:?: . - . • . i t i ' i . o ) :<{>. 3«s-».
• •"•K.'.H Stati ' i i i f-nt. on Itlolodcal and Clirmlcnt Warfare." I lut lc l ln of the Atomic Stdcn-ij1 -!--(. (OirtolH-i- I l i C j ) . |. [i. 4C--1T.
I « "Mcieri(!.Nt* i'rot.'st Viet Cruji Diwtruotloii," Science (Jan, 21, J!)0(i), |), 300,

is the subject of the following section of this study. The remainder of
the present section will give illustrative examples of ̂ Ife protest,
movements, during 1967. and after, that lent prominemj^^HiH is.sne.

A more broadly based protest of scientists against "ai^B^akt-ning
of the worldwide prohibitions and restraints on the use of chemical
and biological (CB) weapons" was expressed in a letter to Pn-sirlcnt
Johnson, September 19, I960, by 22 scientists from 12 diil'erent edu'-a-
tional institutions (seven Xobcl laureates). This group related to ';CIJ
weapons" the "large-scale use of anticrop and 'nonletlwl' antiperson-
nel chemical weapons in Vietnam." Tliis activity was seen as a "danger-
ous precedent" because "no lasting distinction seems feasible between
incapacitating and lethal weapons or between chemical and biological
warfare." These chemical and biological agents formed a "continuous
spectrum" such that "if the restraints on the use of one kind of CB
weapon are. broken down, the use of others will be encouraged." Ac-.
cordingly, the group urged the President to —

"Institute a White House study of overall government policy, regard i:ig CB
weapons and the possibility of arms control measures * * *." .

"Order an end to the employment of antipi-rsomiel and anticrop chemical
weapons in Vietnam."

"Reestablish and categorically declare the intention of the United States to
refrain from initiating tho use of chemical and biological weapons." */

Both lists contained the names of four members of the faculty of
the Harvard University biological laboratories. These were: .£oim
E<lsidL Matthew ^ S. ̂ fcsolson Keith. Po'ter. .

were -'crecTTfecl, late Tr7 10GG, with ̂ collect ing tiie
signatures of more than 5,000 scientists as cospo'nsors of the

' Adviser. "The originators sent out 50 to 100 letters and the Federa-
tion of American Scientists sent letters asking' its 2.500 mombers to
get signatures, tho men explained."40 Among the signatories of the
petition were IT Xobcl laureates and 120 members of the .National
Academy of Sciences. Those prosontiny tlm petition were Meselson,
Edsall, and Paul lJ>oty of Harvard, and Irwin C. Gnn?alus of the
University of Illinois.50

_ I n midsummer 10(17, Kdsall again attacked ant'uTop clieniii-iils. His
views appeared in Scientist and Cili/cn, a* journal ptiblislu-d by tho
committee for environmental in fo rmat ion , St. T.ouis. Mo., in a special
issue addressed to the subject of chemical and biological wurfaiv. II*1

asserted that "fateful p^ol'u'V dec|sioiys,iregar(liii'ig .X.l.!g-(.to-yj.'io|)-UiciiLaiiil
l^^L.o.I_fxliCmL^AiiindJmib4d^4-^^^ n.mv confront us and olhi-r
peoples throughout tho world/' The immediacy of such doi'isions, li«»
went on, "largely arises from tho use, by our own Armed Forces in

""SclcntUtrt Speak Out On CK Woupons," H u l l . -tin of tin- Atomic Scientist*
p. .'!!>.. . .

" "C»--Knt<-r ln« Wcilue," Th« Nntlnn. (.Tan. 1rt. inr ,r>, p. (IS. • ' -• :
•"".1000 Scl ' - i i t ls ts Asl< Hun (in (ins) In Vli - t i i i im." WiiHlil inrton Post. (Feb. 1.1, tOi'.T).

. A-'l. 1
*> "Chemical u»J I!lolo«lcnl Wiirfaro IVtltlon." Science. (Fc-b, 17, 11)0"), p. SIS.



Vietnam, of ^
.and herbicic"*

.
lu the

' gases in military operations, and of defoliants
destroy crops in areas under control of the Viet-

of the journal, Jean Mayer, professor of nutrition
at Harvard University, attacked the use ofmh^ii)icj^l£|_jtfi^d.ejitrj
crol;£Ji!L!k!L!l?J£^^
?'c.ili£U£. °J 4Lll̂ X '̂an^211lllilii2i1':; IJ-e contended that military serv-
ices, TiiclutlTiTg even~"\ lefnamesIT'guerrinas, had better medical care
than civilians, and-also "Vieteong soldiers may * * * be expected to
fret the fighter's share of whatever food there is." He drew parallels.
from instances of military blockade in history, and asserted that "food
denial in war affects the fighting men least and last, if at all, and is,
therefore, unsuccessful unless accompanied by military victories by
the blockaders. It is hardest on civilians, particularly children and
the elderly; -where economic class divisions are sharp, it is particu-
larly hard on the poor." "

Another article in the same special issue of Scientist and Citizen, by.

* When we intervene in the ecology of a region on a massive scale, we
>et in motion an irreversible chain of events which could continue to affect.
;;.'_> agriculture and the wildlife of the 'area—and, therefore, the people,

-!..•-. 5 after t h e war Is over. • ' . • . - . .

Gali'ton referred in his article to a letter which he as one of 12 plant
hysiologists had written to President Johnson (and that had been
c--produccfl in the January 19G7 issue of Bioscience, p. 10): this letter

_•< .1 j.!,_j. ii._ ...:.... . . . ? • ,.f -i • 1 1 i • • -. 11

'•. tbitants, according to Galston, were the alleged toxicity of cacodylic
:;.[: " injury to crops from drifting spray or volatility (there ifave
•'••! about 500 complaints or requests for compensation filed with

.ifjik-t chiefs for transmission to the- province chief in one urea alone);

"John T. K<!*a!t. "Introduction." Scientist and Citizen. (Vol. 9, No. 7, 1067), August-
S'-rt-ml.vr. p. 113.

"Jean Mayer. "Starvation as a Weapon." Scientist and Citl/en. Op. cit., pp. 110, 121.
"Throughout the course of the technolog!<;al assessment of mi l i tary use of herliiddes

In Vie tnam, one element at Issue was the toxicity of these chemicals to tnan and animals.
Czro'lyllc acM was h l n K l K l out because it contains the element, arsenic, wi thin I t s complex
E:'-:ecuhir structure. Since most itrsenlc-containing compounds are highly tosle to man
& i . d a n i n : . i l ^ . the a-^urnpt lon W U H made that caeodyllc aeid had this characteristic. However,
t';^ i fKI Ki'i- irt , a f t e r snrveylnff tl.e l i t era ture on this point, ohservcd (p. 1C-I) : "In the
<••! , . 'n inat inr . of th« potc -nt ln l toxic i ty hazard for this compound, \ve are jmrtlcularly
l~. ; , r . . , , . - . , j (,y the ]v,w oral tux lr - l ty ." Dr. Tsehlrley, In his report at SalK"ii (see pp. SO-'U'),
g i : t-- c '- inparitt lvtt l e tha l dosage rates of "ARent Blue" ( c o D t i i l n i t i i ; <ir> percent cacodylic •
aci'li and "asiilrin." The terms he used were "I-D")!)" or nveniKC lethal dose In mll l lKrnmx
t.f chemleiil p*-r kllngram of bo<Iy wi-lfht. The Hfruro for "Itluu" I K 2000; the figure for
" A « p l r i n " M 177.".. In his report nt .Siil«mi f i n "Toxlclly of I l e r l i l c l i l e . H in f'se in ICV.N."
I'r. M i n . - c r l i f asserted t h a t it wa.s "currently helnj; em|i lc iye<l nt a rate no higher than !»..T

or a n l R i . - c U nt tin
[and thi-rcfnre]. It i» safe"to assunif'thttt there, w i l l hi; no harm to nmu

rat. •*."

. illspi-rxm] In nature, rind oceurs n a t u r a l l y in the K o l i nt rnteu mi l i s t i in t ln l ly higher
thnn thnt cnntr i i iu te i l hy thf - siiriiyinj,' of areas at the rate of !>.;) pounds per iicre, the
additional nrnenlc from caeodyllc: uciU can apparently be regarded an trivial.

concentration of toxic herbicides, or of toxic reaction products with
the- soil, in food chains; soil erosion from contatnin.it^Hfcdl bared
of foliage; wide-scale self-poisoning of plants by toxic P'j^^H' stimu-
lated by the herbicide; injury to fish and wild iiiaimnalsjcjprdeliiyed
toxicity. .

In summary, the Galston-article concluded:
' We fire too ignorant of the interplay of fonvs in efolo^icnl i>rolil'.prns to know
ho\v far-rc;ic)iiiiK and how lasting wil l be tin; (•h.-inyc's ' in tc-ol'Cfy brouxl ic about
by the wi'd'-spreitd sprayijis of herbicides in Vietnam. Tlio-c clia)is<".< jn.;y in-
clude immediate harm to people i t i - t h u sprayed areas and limy extend to .-ftri ' /us
and lasting damage to soil and ngriculture, rendering more dillicult Kouth
Vietnam's recovery from war, regardless of who is the "victor.":l

. The association of herbicides with chemical or biological warfare,
germ warfare, poison gas, and other "inhumane" weapons was p^n.'-
erally characteristic of the numerous letters to the editor and as.-om-
15on protests during this period, attacking the use of defoliant
chemicals in the counierguerrilla program in Vietnam. To an inde-
terminate extent, of course, these protests reflected a generalized dis-- ' • •* • • - IP - . . . i T T C « ..*.t~'.~.^t.'<

in "arms control and disarmament" as a new uuei ieciutu uiscipune.
and the development of criteria to l im i t the kinds of weaponry used
in .war or used a^ "deterrents"; difficulties "were encountered in dis-
tinguishing between the military use of herbicides to gain military
advantage and the use. of various chemicals having direct physiologica"!
effects on nvnvrplevant to warfare, and particularly those frum-mr
within the scope, of the Geneva Protocol of 102.V?

• / . . • ! • , f 1 . , . • -I

. .-<, sum mi- 1 .̂1 m.n. , .,t v^. t < > n . . > i ^
employed were in common use in th.c United States. (The rationale
was similar to that used to justify the employment of tear gas (CS)
against guerrilla forces; this kind of agent was, in fact, in general
use by civilian police forces throughout the world as an antiriot agent.)

.Some confusion was contributed, however, by the imprecision of
military usage of terms. Thus, the Joint Chiefs of Staff Dictionary8*
defmes'herbicidc as "a chemical oomnouud which will kill or
plants." Chemical warfare is extended, by defini t ion, to incl
7>lovment of chemicals * * * to create a mil i tary advantag .
Biological war faro is defined as "employment of living organisms,
toxic biological products, and plant growth regulators to product- death
or casualties in man, animals, or plants or defense against such action."

<" Arthur W. Galstnn. "rhnnjrinir the T.nvlrontuent." Scient is t nnd Ci t izen , op. cit..
i. 12.'t-120. Pr. Gcilxhm wns* professur of biolocy at Yole tlulvvrslty. imst presiitent of
e American Society of I'lnnt I'hyMologlsts, ami pri-shlent-olect of the Botanical Siieiety

include? "om-
* *''

lilclrth - iv.w U.S. Jo int Chief* of R t a f f . Dlct lonarv of T'nited Ktatea M i l i t a r y Term* for Joint
(Short Title: JO). ( \VanhlnRton, D.C., U.S. Government Pr ln t t i iK Oillue, August 1,
JC'S 1'ub. 1. '



Clearly, by th&?e definitions, herbicides arc, both chemical and biologi-
cal \vaVf:n"e &£«.^|fcj[Iowever, the same definitions would also esncom- .
pass the use of^^Bcieidcs to control typhus epidemics in relocated
refugee camps.^d^

On the other hand, it can be plausibly asserted that the use of .tear
gas to flush guerrillas from tunnels to face hostile bullets; or ifee de-
nuding of foliage that conceals guerrillas from hostile fire, are both
forms of chemical warfare with ultimately lethal consequences. In
tluvo two cases, the chemicals are not the, direct cause of defttla, but,
:-:ui l>e regarded as an accessory before the fact. Acceptance or-con-
demnation of chemical defoliants on legal or moral grounds therefore
ap;x?ars to hinge on whether those judging the action find the conflict;
iu-i-lf acceptable on legal or moral grounds.

Evaluation of the anticrop program appeal's to have followed some-
what the same rationale. The "scorched earth" policy in warfare tends
:o l>e praised when conducted by one's allies—for example, the
[J.S.S.K. in World War II—and condemned when practiced by/one's
i-iversary—for example, the pollution of wells and waterholes daring
::>i withdrawal of the Turks from Arabia in World War I.

The introduction of the concept that belligerents share a responsi-
".'••: for preserving the ecology of the area of conflict is a very

' -.--; development. Presumably it is an outgrowth of several con-
••;iry trends: (a) the concept of limited war for limited cJbjec-

'. , • - . generally regarded as made necessary by the development of
;•• • • uiously destructive nuclear weapons that enable nations possess-.
r.g them and their means of delivery to inflict "unacceptable" <da-in-'
.ge on other nations in a general war for unlimited objectives; (&'| the
nonr.ous potency of modern chemicals, whether used in military cam- " "."':
iaign.s or for civilian pursuits; (c) the increased concern .of scientists . ,
•>r the protection of the total world environment-to preserve its bsafeit- ' :.'
h>i j i ty for mankind at largo, and (d) the recognition that the human
•opulufion of the earth is expanding at a rapid rate, and is now ffore-
..••;• n to IJQ approaching the limits of the capacity of the earth to sustain . • .

In.-re.isingly, the-criticism_ of the military herbicide program in
"u-tiiiuii by some U.S. scientists has focused on the ecological issue,
f was .-tressed by Galston in his article for Science and Citizen. Tt -vvas
;<j main question considered by the AA AS (as discussed in the auction
f _tins study to follow). A strongly worded, forensic stutemerai in
'•ientisf. and Citizen in mSd-1%8 elaborated on this theme with
:.~rv.-_t to piclorain, a newly developed herbicide- being iutrotlmcetl
t mi l i ta ry use iu Vietnam. The article stressed the unmatched potency
f the herbicide, its longevity and uncertain fate in the soil, the d:taiger
* its migration either along food chains or watorl>orne, the possibility
uit if.s extensive application to tropical soils would expose therm so
; to cause luterization (i.e., a process by which some kinds of soils in
iC Tropics when exposed to the sun become infertile and too Shard
> plo\v)j ami tl i;it. death of trees would cause t!ie death of many ami-.
;tl species. Concluded the article: "The military upped for [i.e^-of]

this herbicide is obvious; pilots-spraying it don't have to
reapplication. Bub the Vietnamese farmer wants to re^

Also ill 19G8, Professor.Galston took his case against
of' herbicides to the scientific community of the United

!-n for

r y use
ngdom.

In an article in the British journal, Xew Scientist, he declared that
"The United States, which was the first arid so far the only nation, to
use nuclear energy 1'or military purposes, has recently become the first
and so far the only nation to use m war chemicals directed against
rowing plants." The eiiects of this action, lie said, were unknown andgro

possibly disastrous:
-One must conclude [he wrote] that the ecological consequences of the wide-

spread use of herbicides Iri Vietnam are unpredictable. We are certainly. rtoina
some damage to the ecology of Vietnam; just how much and how long lastin
will bo discovered only after the "experiment" has .boon completed."

Earlier, Galston, had denounced U.S. plans to "prison the_son'^so
as to denude completely the vegetation from a strTp~^r7ancr"goTTig
entirely across Vietnam from east to west.

This mamnade desert [he wrote] separating Xorth from South Vietnam, ami
presumably serving to prevent infiltration, could have ecologically cata-strophical
consequences which cannot at present be envisioned.

In summary, we'are too ignorant of the interplay of forces in ecological
problems to know how far reaching and how lasting will be the changes in ecol-
ogy brought about by, the widespread spraying of herbicides in Vietnam. These
changes may include ̂ immediate harm to people in the sprayed areas and may
extend to serious and lasting damage to soil and agriculture, rendering more
difiicnlt'South Vietnam's recovery from war, regardless of who is the "victor.""

K George J{. Ilnrvey nnd Jay D. Mann. "Plcloram la Vii-tnum." .Si'lftiti.-'t ami Cit iztn
. (September, 10CS1. pp. 165-171. Tills article ivas subsequently an.ilyyod Ui t letnil !>y *'::£.
• incmbi'in of Dow Chemical Coniiiany. producers of filcl-iram'. ThVy t-luir^iHl that the a u t h o r s

hull been guilty of "inference, misquotation, uml mis in t t rp re ta t ion of ptibli.-h.tj scifniltlc
dutii." For example, the article dcclnrvil that "A vbccp was killeil by a dive of tliirty-six
milligrams of plcloram mixeo! with 2,-1-D.: However, the reference cited as a u t h o r i t y f '»r

• this statement reported tlint 11 sheep h.-ul bec-a treated wi th Ji'j ml l l l i r rn ins of plclor.\m
' mixed wi th l.'!-J mi l l lKmins of 2,4-1). per kilogram of bo.ly weight , wi th 5 daily treatmeut.-i.
The results of tills experiment were that of tbe 11 sheep so treated, all became sick and
4 died. Assuming thnt tlie average bndy weight of a slieep n*as 2S kiloL-nims, t h i s would
amount to a totnl ingestlon of 5,000 milligrams o£ plcloram and SH.iiiH) niniifrrams of
2,4-D «V('r n 5 day period. (Source of the t i n n l v s l H : J!. C. Byrd. Marguerlt.- I.euc, J. II.
Davidxon, E. E. Kenaga and J. C. Hansen. "Critique of Ficloram in Vletuaru." {Dow-
Chemical Com pan v.) September, 10i!.<. p. 11-12.

"Arthur W. Gal.ston. "Military Uses of Herbicides In Vietnam," Xcw Scientist (June IS,
.10(58). pp. flRft-SS-J. • •

"Arthur W. Galston. "Herbicides In Vietnam." The New Republic. (Nov. 20, 3907), p. 21.



' IV. BOLE OMHE AAAS IX ASSESSING WAR USE OF
.';^A HERBICIDES . •

The AmericamKsociation for the Advancement of Science was
organized in Philadelphia, Se.ptembei"20, 18-18, by a group consisting
mainly of ideologists and natural scientists. Its objects were initially
to promote scientific intercourse, stimulate and direct scientific re-
search, and "procuro for tho labours of scientific men, increased facili-
ties and a wider usefulness." In 1000, Science magazine became tho
official publication of the association. As American science expanded,
specialized societies proliferated in new fields of research, and many '
of these became affiliated with AAAS: indeed, most had been orga-
nized at annual meetings of the parent institution. By 19G9, the total
membership of AAAS was put at 120,277 and the total membership
of the affiliated societies and academies of science exceeded 7 million.
In 1046, the association adopted a new (fifth) constitution that »ede-
fined its objectives as: .

* * * to further the work of scientists, to facilitate cooperation among; tliem,
to improve the effectiveness of science in the promotion of human welfare, and to
increase public understanding and appreciation of the importance and pciomise
of the methods of science in human progress.

Regional divisions of AAAS were established including one for
the Pacific i-egion in 1915. It was at a meeting of the Council of the
Pacific Division, June 15, 1966, that the issue of war use of. fcerbi-'
cicles first entered the formal policy deliberations of the AAAS. AJ;

^

It proposedli resolution 'fwTcoiisiderauolTBy:"fnTcouncil} wKicli. read':'
Whereas xinits of tho U.S. Department of Defense have used both chemical and

Inolojricnl warfare agents (as defined by U.S. Department of the Army, TMS-216)
In nj.--r;if.!ons against enemy forces in Vietnam; and

Vi'terL-as, tba effect of these agents upon biological systems in warfare- 5s not
AW.va to the scientific community; and ' •

\\1iereas. the scientific community has a responsibility to be fully informed
•at these asent-s arid their use in warfare because they are a result of senentilic'
rest-arch: Therefore b e i t . . ' . . ' .

- - 1. The Pacific division of the AAAS establish a committee of expert* in
the field of biological and chemical warfare to study the u.se of CW HVU& BW
agents In Vietnam with tho purjwse of determining what agents ha we bcn»n •
used, the exti-nt of their use, and the effects on all biologic-ill systemts that
might have been affected.

2. That the above committee make n public report of their findings Jit the
next meeting of the Pacific division of the AAAS. '

The minutes of the meeting reveal that the Pfeiffer resolution Iliad a
mixed reception, Eventually, the council decided to refer if—without
recommendation—to the national office of AAAS. Even this decision .
was controversial—being carried by a 9-to-5 vote with several absten-
tions. During debate on the resolution, members of the council <ques- ;•
t.ioned the propriety of having the action taken at a regional meeting,
viewed tho issue as more properly one for treatment by the National
Academy of_Sciences, and rejected the proposition in the, resolution
that the Pacific division had tho means to conduct field iuvestigaitions
in Vietnam. . . • •

Orrjaniaatitinal Structure of the AAAS ' '
The AAAS is a complex federation of scientists u!

societies, designed primarily to facilitate the exchange
information. It has six classes of members, general arid administrative
officers, a council, 21 sections (organised by scientific discipline). 245
aflil iated scientific organizations, 4h associated academies of science, and
nine committees.

A difficulty in appraising the effect of an action "taken by the-
AAAS". is that there are many'levels at which views can !x>, expn;s~<;d,
but no ready means to obtain ft consensus of the entire mernl>ership.
The large membership of AAAS exists mainly to receive the orga-
nization's periodical, Science. Only "fellows," who constitute some
18 percent of the total membership', are eligible to become'officers.

The council of tho AAAS, consisting of some 530 memtais, is not
elected from tho AAAS membership at large. It includes officers of the
AAAS (elected by the council);' 'officers of the sections; two repre-
sentatives each, named from those affiliated societies with more than
100 members; one representative, from each affiliated academy of
science; and a number of others. Although the members of the council
may in general terms be regarded as spokesmen for the disciplines.
or groups they represent, ihev are not literally "elected representa-

'.tives'.'of the AAAJrJ membership; . .
The board of directors of AAAS, which is the "legal representative^

of the association, consists of the president-elect, the president, and the
past president; eight other fellows; and (ex-oi'icio) the executive officer-
and tho trensmtr of AAAS. Tho px-ofllno of!ii--(>iM pre ii-inxiinted by

-the board; the regular' members of the board-are elected by the council.
•'_• Positions on issues can be taken by the board, the council, one-of the
•nine committees, by requesting affiliated societies and academic to
express their views, or conceivably by, referring an issue to a vote of
the entire AAAS membership. The board meets four times a year, and
can adopt actions at these meetings. The council meets annually (be-
tween Christmas and Xew .Year's), and takes up issues at these
meetings. ' ' ' •

The president of AAAS is chairman of the council. Quo of the nine
committees deals with council af fa i rs : its chairman is the president-
elect of AAAS, who serves in this capacity for a year before becoming
president. Among the duties of this committee are to "rtveive or iniii-
ate, coordinate, and advise on reports of council committees, resolu-
tions, or actions submitted for consideration by the council."
AAAS Councils Action on Pfciffcr Resolution

As president-elect of AAAS, Mr. Don 1C. Price, dean of tho Ken-
nedy School of Government, Harvard University, wti.s chairman of
tho connnittoo on council a f fa i r s in the fall of 10GC. In this capacity,
he received Professor Pfein'or's resolution. During tho yearend meet-
ings of AAAS, in Washington. D.C., the committee on council af-
fairs held a public meeting, at "syhich PfeiiTer and others spoke on tho
subject of tho proposed resolution. A f t e r this open session, the com-
mittee in an executive session decided to modify tho resolution before



IV. RCXT,E £E THE AAAS IX ASSESSING WAR USE OF
^A HERBICIDES ;

The AmeriSKVssociation for the Advancement of Science was-
organized in Philadelphia, September 20, 18-18, by a group consisting
mainly ofi.ceologists and natural scientists. Its objects were initially
to promot't- scientific intercourse, st imulate and direct scientific re-
search, and "procure for tho labours of scientific men, increased facili-
ties and a wider usefulness." In 1000, Science magazine becurae the
official publication of tho association. As American science expaiaded,
specialized societies proliferated in new fields of research, and many '
of these became affiliated with AAAS: indeed, most had been orga-
nized at annual meetings of the parent institution. By 19G9, the total
membership of AAAS was put at 120,277 and tho total membership
of the affi l iated societies and academies of science exceeded 7 million.
In 1!HC, the association adopted a new (fifth) constitution that nede-
iine-d its objectives as:

* * * to further the work of scientists, to facilitate cooperation among tliein,
to improve the effectiveness of science in the promotion of human welfare, and to
increase public understanding: and appreciation of the importance and pwomise
of the methods of science in human progress.

Regional divisions of AAAS were established including orae for
the Pacific region in 1915. It was at a meeting of the Council of the
Pacific Division, June 15, 1900, that the issue of war use of laerbi-'
cides first entered the formal policy deliberations'of the AAAS. AJ; ̂
th5s_jn£^.jiig, the, secretary presented a communication froniELJJV. *

proTessor orlsooloifvTfTlicrCniversity oOlontaiia.
i*"*"?"̂ ' -——-••-p •--— "i" •• ••>'•**«..-..-*—^Wg—<»«-.•-.."—.-<-!•*•-»• • •i—i-̂ -.i.».....'.̂ .̂»—~.ŷ ...»i..».-.•<•»..—.. ^ , ,

iFproposedTa resolutioiTfor coiisTcIe"rauoirf>yTIie couiicT17'\viricli read:
Whereas units of the U.S. Department of Defense 'have used both chemical and

Moiogical warfare agents (as defined hy U.S. Department of the Army, TM3-21G)
i" operations against enemy forces in Vietnam; and

"Whereas, the effect of these agents upon biological systems in warfare is not
known to the scientific community; and • • .

Whereas, the scientific community has a responsibility to 'be fully informed
ft these agents and their use in warfare because they are a result of-scientific'
restart-h: Therefore be it ' .

Rcsolccd, That— ' .
1. The 1'acific division of the AAAS establish a committee of experts 5n

the field of biological and chemical warfare to study the use of CW awd BYV
a grunts in Vietnam with the purjxwe of determining what agents havw been -
used, the extent of their use, and the effects on all biological systems that
might have been affected.'

2. That the above committee make a public report of their findings ;at the
next meeting of the Pacific division of the AAAS.

The minutes of the meeting reveal that the Pfeilter resolution liad a
•mixed reception. Eventually, tho council decided to refer it—without
recommendation—to the national office of AAAS. Even this derision
was controversial—being carried by a 9-to-5 vote with several absten-
tions. During debate on the resolution, members of tho council: ques-

in Vietnam.

Organizaticinal Structure of the AAAS
The AAAS is a complex federation of scientists

societies, designed primarily to facilitate the exchang _
information. It has six classes of member*, general and adinini . - f rut ive
officers, a council, 21 sections {organised by scientific discipline). 24.".
affiliated scientific organizations, 4S associated academies of science, and

' nine committees.
A difficulty in appraising the. effect of an action "taken by tho

AAAS". is that there are manylevels at which views can l>e expressed,
but no ready means to obtain a consensus of the entire'membership.
The large membership of AAAS exists mainly to receive the orga-
nization's periodical, Science. Only ''fellows," who constitute some
18 percent of the total membership', are eligible to become'officers.

. Tho council of the AAAS. consisting of some 530 memlxjrs, is not
elected from the AAAS meimVrshi'p at large. It includes officers of the

. . AAAS (elected by the council); ofTicei-s of the sections; two rc-pre-
. seuttitives each, named from those affiliated societies with more than

100 members; one representative from each affiliated academy of
science; and a number of others. Although the members of the council
may in general terms be .regarded as spokesmen for the disciplines

/vrtL or groups they represent, they are not literally "elected repre.-enta-
3^6 . . • tives" of the AAAirJ membership.

The board of directors of AAAS, which is the "legal representative"
of the association, consists of the president-elect, the president, and the
past president; eight other fellows; and Cex-oHicio) the executive o.Ticer
and the treasurer of AAAS. Thf px-nfllcin officers nre u-nrx>intt'd by

'••the board; thfe regular members of the- board- nre elected by the eounril.
•' ' Positions on 'issues can be taken by the board, the 'council, one. of the
•nine committees, by requesting affil iated societies and academies to
express their views, or conceivably by referring an is^ue to a vote of
tho entire AAAS membership. The board meets four times a year, and
can adopt actions at these meetings. The council meets annually (be-
tween Christmas and Xew '.Year's), and takes up issues at these
meetings. ' ' •

The. president of AAAS is chairman of the council. One of the nine
committees deals with council affairs: its chairman is the president-
elect of AAAS, who serves in this capacity for a year before becoming
president. Among the duties of this committee, are to "receive or initi-
ate, coordinate, and advise on reports of council committees, resolu-
tions, or actions submitted for consideration by the council."
A A AS Council's Act fan on Pf differ Resolution

the Ken-
airman ofne

As president-elect of AAAS. Mr. Don K. Price, dean of
dy School of Government, 1 larva rd University, was cha

tho committee on council af fa i rs in the fall of 10GO. In this capacity,
ho received Professor Pfeill'or's resolution. During tho yearoml meet-
ings of AAAS, in Washington, D.C.. J t lu> committee, on council af-
fairs held a public mooting, at which Pfeiil'or and others spoke on the

' the com-subject of 'tho proposed resolution. After thi.s open sessi
mittee in an executive session decidod to modify tho resolution before

•r.



introducing; i t a s new business before the council.60 The resolution as
redrafted' by^fc^committee had received PfeifTer's approval.151 Its
text at that >ad as follows:

Whereas mo<f?Hr"seier!ce and technology now give men unprecedented power
to niter his environment and affect the ecological balance of this planet; smd

Whereas the full impact of the uses of biological and chemical agents- te> modify
the environment, whether for peaceful or military purposes, is not fully known;
and

Whotviis the major users of these agents on ft scale sufficiently large to modify
the ecological balance are now the governments of this and other countries: Be
it

Rcxolrctl. That the American Association for the Advancement of Science—
(1) Expresses its concern regarding the long-range consequences of the

use of biological and chemical agents which modify the environment; and
(2) Establishes a committee to study all aspects of such use, starting with

the effects of chemical nnd biological warfare agents, and periodically to .
report its findings through appropriate channels of tho association ; and

(3) Volunteers its cooperation with public agencies nnd offices of ffovern-
n:ent for the task of ascertaining scientifically and objectively the full im-
plications of major programs and activities which modify the environment
and affect the ecological balance on a large scale.*J

Tlie. resnon.-e of the council to the amended resolution was. later
described by Mr. Price, as follows: ' • • '

After I Introduced the resolution on behalf of the Committee on Council Affairs,
and told of our discussions^vith you and your approval of the text which we had .
;> iopted. there followed a long nnd rather.vigorous debate. The key points an that
•:'. -Sate were as follows :

On motion of Bentley Glass two amendments were voted in the next to tlie last
I'-irLigraph of the resolution: the first deleted the words "all aspects of" and the

nd s i i i in t i tu t rd "including" fur "starting with." Oa the- former point IJentley
that no committee could study all aspects of so tremendous a problem, n n d -

• particularly urged that such a committee not undertake to deal with the politi- - .
'1 aspects of, for example,.biological and chemical warfare. Dr. Rapoport and I •
•-!: .•irgu^l against this interpretation, holding that it should be possible to study
'••••i ' i f ically the political aspects as well as—although perhaps not as objectively
•.. •; rigorously as—any other. Thnt particular amendment I bc-lieve carried more
. . : - . - ; i - others thought that the whole field was an impossibly broad one rather
.-:. br-cjiu>-(! anyone wl.shed to exclude any particular aspect of tho ppohlcrn.
.- <-.t!:er revision (the substituting of "including") wds defended on tlie argu-

• • tha r fh f commit tee's hands should not. be tied with respect to its owra judg- -
• .-. r.f priorities and tha t the council itself should not prejudge the f.^siie of

.-;:ii-s. Both of these amendments were carried by a vote that was so over-
• !::ilng tli.'it no one demanded a specific count.

i'•,'.•!>. a cot i i i i - i l member whose name I do not know, objected to the identifying
' "t!,f» crovernments of this nnd other countries" as tho principal offender*,, fin tho
• - • M M t - n t that i ndus t r i a l corporations and, indeed, private citizens and private
.."::-r.bi!(..i were responsibl" for much of the pollution of the environme-ait. He
.•••—.I , to .strike out t ! i f > third "whereas."
Ar:,l again th i s motion was carried by a very heavy majority.
Thrt-o, Ted Byerly of the Department of Agriculture then moved to tuMc the
:?:re resolution, denouncing it as watered down nnd weasel worded, but adding

.f—-If I remember his language accurately—ho did riot l ike the original resolu-
i f referring to your own) any better. The vote on this was close enough KO that

• :-ouM not make a suf ! i<- i r>n t ly accurate count from the platform on a sKaow of
:-• ' • ; bu t had to appoint toilers to walk down the aisles to be certain. But tho.

• :!»jr '.it table lost and the amended resolution was then carried although by a
• v t l i . s r seemed to me re:: ",'i;U'ly close.
lYiiiJf T f im sure you v.v.ubl him- preferred not to have these several amu'iid- '

i - c f * uii i ' i ; . t<-d, I am Inclim-,1 to think that—judging from the close vote- which

-$-*

«"rx-(f.T Inm rrire- In t'ti-llTrr. Jnn. S. 10(17. It in IVnri Price's rcoullcrtlon Mint he
!;.<'i]sM-i| tli.- m i i t l f - r w l i l i I ' r(>f ' '«snr I'Mffi-r n f t i > r f h f t opr-n hcar lnu n n < l li'forc ttw Com-
,;U.-P nii- i ' t in^. nn . i dint PMffT l « - f t (own (»>fnrc tlic Council inPctlnff.
" Ix'ttr-r fn.m I'fclffor. to I'rl'-<>. Di'C. 27, tOC.n.
"iflniHrs <i£ the Mectlre of lhc AAAS Council, VTnshlngtoQ, D.C., Dec. 30, 11)00, (>p. 7-8.

prevented the tabling of the amended resolution—the nmendimg^^-ere neces-
sary to the passage of the final vote. I am sure that a number 0j^^Hl' !ik<; Hrtit-
ley Glass would liave voted against the unarnendcd resolution,^^•Kreut many
more against the resolution in your original form. There is sf^ffi a. question
whether compromises are worth it in order to get something pas.st.'d, but I hope
that you will feel that something useful may yet come out of this effort."

In reply, Professor Pfoiffcr professed himself "pleased" with the
final product." The closeness of the division on f inal adoption of the
twice-amended resolution by the council is indicated by the vote: li"> to
approve and 95 opposed. In its final form, as approved, the resolution .
read:

Whereas modern science and technology now give'inan unprecedented power to
alter his environment and affect the ecological balance of this phuiot; and

Whereas the full impact of the uses of biological and chemical agent-; t<i modify
• th'e environment, whether for peaceful or military purposes, is not ful ly known:
Be it '

Jffevolved, That the American Association for the-Advancement of Science—•
•' . . ' • (1) Expresses its concern regarding the long-range consuluences of the

' u se of biological and chemical' agwiw which modify the environment; and
(2) Establishes a committee to study such use, including the effects o£

'' chemical and biological warfare airents, and periodically to report its findings
through appropriate channels of th-- association ; and

(3) Volunteers Its cooperation wi th public agencies and offices of govern-
ment for- the task of ascertaining wifnt i f iea l ly and objectively the ful l impli-
cations of majon programs and activities which modify the environment and
affect the ecologfcal balance on a large scale."1

Implementation of the 19GG AAAS Resolution on Ilerliciths
In its final form, the resolution dealt primarily with the issue _of

environmental impairment oa a prloV.al b;i:i::,;-.::;! only very icor/r.darily
with mili tary -use- of herbicides-. Also, while Pfcifi'er had ?ou<rhi ' a jy . .
actual scientific field investigation by qua l i f ied ecologies under AAAS
sponsorship in Vietnam, the AAAS Council had lx?en content to_e.\-
pre.ss concern over the lon<r-riui[re consequeni.-es of the use of chemical
and biological agents (whether public or pr ivate) that modify the
environment, to establish a committee to study the jreneral question,

.-and to volunteer AAAS's cooperation with the Federal Government
to identify implications of major programs that "modify the environ-
ment and sv fleet'the ecological balance on a large scale." °'3

The council action on the amended PfeitVer resolution wa-? re|>orted
tothe AAAS membership wi thout any particular emphasis."7 The first -.
implementing; action in response to the, resolut ion was the formation by ;
the AAAS board of directors of an ad hoc committee on environmental :.
alteration, during; its nuTtiag March. 11-1*2, 10t>7. The committee was

M Letter from Price to Pfelffer, Jim. 3. liW. Op. clt.
' <« Letter from Pfclffor to Price, Jitn. i). ISMiT.

"Minutes of the Mcotlng of the AAAS Council, Washington, D.C., Dec. 30, 1000, Op.
clt. p. 1). .

*> In comment on tlie foreeiilnc: ncctlon, hy let ter of July 7, IfldO, to Mr. R. A. Carpenter.
Dt'iin Price. Ki iKgcHtH t t int the forek'olni; ncconnt of AAAS (lelilicrnfhiiis. wlillc "accurate
«« f u r ns It KOCH," Is "mlsleadlni; In t l i i i t It tells the xtor.v only from the point <>f view
of V l o t n n m nnd Dr. Pfelffer." Hn olmiTtvs t l in t rniuiy nienitiers of the AAAS K>:iril hel<l
the view Hint the Association for nevi;ral yenrs liinl lieeii concerned &* to tli» rel-iHon of
deletion tn env i ronmenta l | > r n t > I c n i M un i t K«W the I 'fc'llTer resolut ion <u f n l l i n i ; In to tlilsi
context . In retrospect, Peiiu Trice con t inues , •" * • I ' c r H i i n i t l l y , I t h i n k It w.1.i i in l^ t i i i i r>
to combine- the two lH«ue» (puiern! coitivrn for envli-oinneritnl i i o l l l i t l on ninl 'th' *(."i'lal
jiroblem of V i e t n a m ) . " Moreover, tin; new'swortliy nspect of the In t t e r t < « n i » c.-iu-'e.l n
d ldp r i i po r t l onn te uiiioun.t of n t t e n t i o u to he R i v e n It. AH Denn Trice snyn: ••• • • The
iicwnpiiper covernp- Iprnoreil (he Hear I n t e n t of tho Council am! portrayed the re«»Ii i t l i>n
(is If It hud hoen nlmeil nt the V l e t n n m war."

*> Duel.\Vollle ( A A A S executive olllcer). "AAAS Connc-lt Meeting, 10«0," Science. (Feb.
1007), |>l>. HRS-HflO.



chaired by Dr. Rene Pnbos, Rockefeller University. Its members
included Pfjjjj^r and Mayer, who had been active in the herljicido
issue. Whe^^Hid hoc committee reported, in Alay, it recommended
e.scablishmc^^Hr a continuing AAAS "Commission on the Conse-
quences of Environmental Alteration," and discussed three examples of.
problems with which the commission should be concerned. These were
chemical agents, chemical fertilizers, and waste recycling. The com-'
mission should have as its objectives the. improved management of in-
formation and education on environmental factors, and the design of
large-scale controls and emergency measures relative to major aspects
of environmental impairment. . ' .

"With respect to "chemical agents" the Dubos committee identified
four of importance: pesticides (to control hicppf.^ Imi-KJnM,^ /+« ~—

>3
_ ^^.i.nnnju u^vma {iv iacmuue Harvesting and to improve visi-
bility). The committee recommended that studies of the use of these
agents be made "in selected areas where massive programs ar« ia
progress." In particular: "In Vietnam such agents are being introduced
most intensive!v; therefore this is a region where the ecological eU'ects-
niay be expected to be most marked." - ' . r

Tho recommended studies [said the report] would involve continuing review,
collection, and analysis of information and reporting of findings of the ecofojdeal
c<>!is=equfnces of such massive intervention (for example, effects on nutritioa and
h'.-ukli, decree of aceutmilaticfn of the chemical agents in various links of the food
chuia. shifts in distribution of animal and vegetable species, patterns of recovery
0. trees and other organisms). The short-term consequences should not be ne-
•-•; ••.!•.•<! ia uK-su studies, Lut sj»xi.-il attention should be given to lohjj-turm <ow-
~. :'.:,:l changes, for altogether too little attention has so far been given to thelojig-':.,
' . - • : • f-CV'cts of massive intervention in tho environment.- • ; ." ' - - " : ' •- • - " " •

The committee offered a number of suggestions as to ways in which
tae proposed Commission should conduct its affairs..In particular, it. •
.-aid: ' - ' ' • •

Oa occasion, it may be desirable for the Commission -to make arrangements-
r . < have studies conducted by others. We recommend that the board of diwtors-
f<>: AAAS] consider requesting the National Academy of Science to arrange acori-
r i i i u i n ^ study and scientific record of the effects of chemical and biological war-
f:;rf n^'.;;its on soil, biota, and human health. . '

However, one member of the committee, E. W. Pfeiffer, took e.wep- '•
f I ~-'.i to t l i i s suggestion. In a separate, "minority" statement, he said he'
;: i not believe that the National Academy of Sciences was "a truly

^: . i ! i -p i - iv ! ' . :n t organization of scientists" Iwcanso it liad been identified' .
[ I . - i Si-it'.':ce. Jan. 13,11)071 as a "source of advice for the biological war-
f i f v tii'ort * * * and !iud also been involved in a postdoctoral research
••.•Hou-ship program sjKjnsoivd by Fort Detrick" ['!)iological warfare
•• ^>arcli center], for which candidates were "screened by the. Academy''' .
.:•.'[ "permitted to describe themselves as having received a, NAS-XJJC
V'iowsljip." - - . , -•' . : • . '•'
'ir-pfemrntalion of Recommendations', of the AAAS Aff Hoc

nuttr.c • •
receipt of the ad hoc commiltoc's report, tho AAAS board! of

•s at its meeting in June 1007- decided to divide tho general
t into two parts; one was tho general question of tho cotise-

qucnces of environmental alteration, and the other the specific question
of the use of chemical and biological^warfare agents jjjjjjetnam. The
Board, voted to ask the AAAS Committee on Science J^^HjPromotion
of Human Welfare to "assume continuing responsibi^pRr tidvishig
tho board concerning developments, actions, or proposals for action
that appear likely to result in major alterations of the environment,
and from time to time, as tho committee considers appropriate, to
recommend-that the board appoint special commissions for the study
of particular actions or proposals." The, board would then "appoint
groups of persons especially qualified .in each such urea selected for

• study and report."68 The board itself agreed to^accept responsibility
for the next stage of action on the specific question ol military herbi-
cide use in Vietnam.
Implementation of Recommendation for Ecological Field Investiga-

tions
With respect to "the more specific question of the use of chemical

and biological warfare agents in Vietnam," the board recognized
that "no effective study of the effects of such agents could be carried
out in an active theater of war without military or other official per-

. mission and sponsorship." It therefore instructed the AAAS president
(Don Price) and the executive officer (Dael Wolfle) to urge appropri-

. ate officers of the federal Government to arrange for a thorough study
under official auspices. Accordingly— •
• Conferences on this proposal were held' with Frederick Belts, who is Chair-
man of the Defense Science Board as well as President of the National Academy
of Sciences; Donald Hornig', Director of the Office of. Science and Technology;
and Donald MacArthur and Rodney W. Nichols of the staff of Robert S. ilc-
Namara, Secretary of Defense.-Following-these conferences, the AAAS pi'e*i--

" dent wrote to Secretary McXamara, urging that a study by an independent sci-
.. eutific institution or committee of both the short- and, long-range effects of the
military use of chemical agents, which modify the environment be authorized and
undertaken.*

The letter to Secretary McXamara recognized that "decisions re-
garding the use of [chemical agents which modify the environment]
in various circumstances must'be made in-the light of tactical and
strategic considerations: but. that nevertheless, tile "consequences of

.their use may have such long-range social, economic, and political con-
sequences,, both in Vietnam and on the world scene, that the problem
warrants study under tho highest responsible political auspice?." The
letter suggested that the National Academy of Sciences-National Re-
search Council would be an appropriate institution for this purjxw;
an independent commission responsible to the Secretary of Defense or
to the President's Science Advisory Committee would be an acceptable
alternative. Tho letter concluded by offering "any assistance it "could
in such an undertaking, either bv sharing in its formal sponsorship, or

'• by advising in the selection of tFiose who are to carry out the studv." ro

. The AAAS letter of September 13, 10G7, was answered by Dr. John
S. Foster, Jr., Director of Defense Research and Engineering, Se'p-

.'" Circular Ictfir from Dncl Wollle, executive officer, AAAS, to members of tlic AAAS
Coi inr - l l , Xov. 1, 1VX17.

•* Idem.
*" Letter from I'rtco to Secretary McN'amurn, Sept. 13, 10C7.
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- 'A;j ember '20. First, he. dealt with the present state of knowledge con-
vi'tTning tile Jj^fe^- or long-term ecological impacts" of the use of
?>J'ierbicidc5 oi^^^liant chemicals in Vietnam: Whether such impacts
/Jrxisted, and ^Bmer they were detrimental or advantageous, he said,
"j-vas not definitively known. Then he went on—

Qualified scapntists, both inside and outside our Government, and in the govern-
ments of othnr nations, have judged that seriously adverse consequences will
:»t oi-our. I'nless we li:ul confidence in those judgments, we would not continue'

these materials. ' •

:

In view of the uncertainties remaining, Dr. Foster said ho had
iht>a two steps. One was to commission a ''leading nonprofit research
'.>titufi> to thoroughly review and assess all current data in this
old." The other was to request the National Academy of Sciences-
'; \ t ional Research Council to assemble a group of professionally qual-
;:-.l experts to "review the results of the study and to make np-
:-.v|;r;.-:.v recommendations concerning it." Dr. Foster made clear
•••••! :-e expected no definitive answers from these actions. Instead,
.oy should be considered the first of a number of necessary steps.
.0 itudy he hud commissioned should provide—

(1) A comprehensive compilation of available information;
(2) An assessment of the current information gaps;
(3) Inferences concerning any possible ecological impacts; and
(4) A ba=is for planning. • ' • . ' • .

Upon completion of this effort, Dr. Foster suggested, there should
'. a consultation concerning its findings between the Department of
•._-fr:;?e. and the AAAS leadership., in order to define next steps to
- t-ikc-n. The report was scheduled to be completed by mid-Deeernber,
.• t-.-iable i^.-i--examination-by the AAAS-Council and board-of di-
: rors in advance'of the association's annual meeting. - .
Dean Price responded for the AAAS board, October 2fi. He expressed
."vificution that the contractor's report and the National Academy of..
•''•jioes review would both Ixi available before the AAAS Council
'.- t ing in New York City, "between Christmas and New Year's."
-• also asked Dr. Foster to elaborate on the"sources of informed
•inion that hud led to the conclusion by the, Government "that
:-in;i~Iy adverse consequences would not occur from the current use
' herbiHde.s and defoliants." In reply, November 10, Dr. Foster said
e conclusion derived from a "consensus of informed opinion" of
rue 50-70 individuals, in the absence of "hard data." Nevertheless,
; .-aid, "we remain convinced that our judgments were, and arc. rea-
nable and take account of all significant data."
''•-* Midwext liezeMf'-.h Institute Ktudy of Ecological Effects of Ile.rlri-

cidcs
Tlie selection of u contractor to perform (he function envisioned
• Dr. "Foster in his letter of September 20 had already been eoin-
cfod at that time. The contractor was tho Midwest Research Insti-
.te, located in Kansas City, Mo. The qua l i f ica t ions of the. con tract or

*:.i-luded: (a) general familiari ty of its personnel with tho chemistry
• f > f herbicides, as u result of earlier work for the Food and Drug Ad-
|!iinistration on tho establishment of standards for pesticide residues

7m foodstuffs; (b) absence of any past participation in tho develop-

ment of herbicides for military rise; and (c) a generally sound repu-
tation for. technically reliable work in chemically on^j^kl research.
According to the report, the contract ran from Augus^^HjDecember

. 1,19G7.'1 ' ^^
Tho work statement for the MRI contract read as follows:
The contractor .shall review available data nnd information cori'-eniing the

ecological consequences of extensive and/or repeated me of lif.'i-bi<-id(.v. Pri-
mary attention will be Riven to ^,-l-di<-hloroj>!icrioxyafetif arid, 2,-!-.~>-trk-h!o:-o-
phenoxyacetir: iifid (including their various forms .such as tlic Jj ' i tyli- .stur.-)),
cncodyllo acid, and Tordon (trade; niiinu of Dow Chemical Co.). TJ:tta to b<; v>.:-
'viewed includes published literuUi're, but other source* Mjr-h a.s Federal dcjiart-
nients and industries must be used to the fullest extent.

Simultaneously with the research project underway at Midwest I!e-
• search Institute, the staff of the AAAS were undertaking a biblio-
graphic research program of their own, in response to instructions
from the board of directors at the fall meeting. Letters were sent to
about 100 organizations and individuals requesting bibliographic lists
on the subjects of herbicides and defoliants. This action was in connec-
tion with the 19GG council resolution "that the association undertake
a study of the long-range consequences of the use of biological and
chemical agents which modify the environment, [.and that if.] report
periodically its findings, and volunteer its cooperation with public

' agencies and ofiices of government for the task of ascertaining scientif-
• ically and objectively the full implications of major programs and ac-

tivities which modify the environment and afi'ect the ecological bal-
ance on'a large scale."" Although the AAAS oflire in Y\*a.-iiiugTon,
D.C., accumulated considerable bibliographic information in response
to this request,'no further action was taken with specific reference to

'; these 'data;.' One of the respondents.-in fact, observed that "Your re-
•'.quest for information simply duplicates the eil'orts of the Midwest

• -Research Institute." ™ .
Cross-Pressures Within AAAS, Decembci^-Janunry. 19G7-GS

. The MRI report had not been available to the board by the time the
AAAS convened in New York City for its annual meeting. At the
AAAS Boa'rd meeting, Docembor 29, it became known tha t the com-
mittee on science in the promotion of human welfare, under the chair-
manship of Dr. Margaret Mead, had concluded that it had more than
enough work already before it, and that the importance of the environ-

• mental issues identified by tho Dubos committee warranted the estab-
lishment by AAAS of a now permanent committee. Accordingly, the
board at this same meeting decided to establish a new permanent com-
mittee. on environmental alteration "and proceeded on the spot to name
ii few members (sonic at least of whom were in the room.") 74 The now

work on tli" roiiuostcil ns^
" Kxtniet from HAniplc Irttcr, nmoni? ft

r n n i l u m to A A A S Jti innl of Director*, I>
" "-'•' p. ;t.

: from rrlcc to Cnrpenter, July 7, 1009. Op. clt

roup sfnf out NOV. 7. l!>ft(, rfpro<1uci>il In Mr>mo>
. 21, 11)07. by WilHnm T. Knbixeh.



committee, was instructed to "cany on a continuing evaluation of the
iinplicatj-on^^echnolo^ical intrusion oh environmental processes and
their inten^^Bp with human population ; and, in view of the pre-
viously exi*HM& concern of council regarding the use of chemical
and blologicaOigents in Vietnam and elsewhere, to request the com-'
mitteo
committee

Barry Commoner of "Washington University, and Dr. Athelstan F.
Spilhaus, president of the Franklin Institute, initially named as mem-
bers, with others to be appointed later. The board action \yas reported
to the council a day or two later. :

Since the MRI report had been delayed, the council and the board of
directors would be unable to participate in a review of it at the time
of their convention in New York, at the end of 19G7. It was apparently,
understood that tho two issues, which the board had sought to separate,
could be brought together onco more within the purvue of the new
Committee on Environmental Alteration, if the committee desired this;
however, the committee had the option of dealing only with broader
and le?s controversial issues of environmental degradation.7? Ap-
parently there was a good deal of pressure on the new committee not
only to'deal with Vietnamese herbicide usage, but to make it priority
business. Before the MKI report was made available to AAAS, the
new committee ran into a snag. Several week's-after its formation, the
chairman, Dr. Goddard, resigned, as did Dr. Spilhaus. As reported in
Science: - • . _ . - ' . .

Both cited extensive professional commitments as' the reason for their resig-'
nation,--though Goddard, in a--telephone-interview with Science, added, • "no -
fwmT was my appointment announced tiian I started getting pressures from all
directions. The emotional overtones were terrific."" . ' ;• ' ,

Criticism was aldo expressed over the selection of members of tho .
committee." ' ' - ' . . • • '

Dr. Goddard sent his letter of resignation, as chairman and rnem-
Jx>r of the Committee on Environmental Alteration, to President Price'
of_AAAS, January 24, IOCS. The let ter illustrates'the need for firm,
objective leadership in the face of the cross-currents, pressures, and
c-L'kulties confronting a science-oriented committee handed a heated

~ T!io precise rolo eipectod of Urn new committee wltli respect to the Vlctnnmcsc
-•;*•. nr. i ."a t<* whf . - th f - r or not It wn* a part of the broader onvironnient. i l Issue, Is a "mutter

" :i; ^--.-; : ' . ' ; it! '>ri." In coinment on this s i tua t ion , D:ifl Woltlo h ; iH oxpl.'tlnod that j* t t l te
..--.i-.-r:!/-,-. K)i",8, n iWt ln f f , the Board oC the A A A S "certainly in tended ti> combine th<* lirrhl-
•:•• I.-.-.-.- nml the more Ee.'iornl nmttvra under tho sumo committee." lie adds : "TScis do-
-!-. p. wns, I t h i n k , a ivronj; one. It d e p n r t e i l f r n m the earl ier decision of the It.i.ird to
' . i-m Sf[>;irate, ft po.-dllon to wMi:h the U<\'ird returned at i t tf March IOCS mp^Un^."

l < - t r r r to .Mr. R. A. Caroenter, Science Policy Kcserch Division, LecUHUive Iti-'fcrcnce
iw, J i i l v jo. irn;;>.)
D. S. Gei-enhftg. "D'.foll.-itton : A A A S Study Delayed by Rcalgniitions from ComiriUtee."

'

l l f . a

.
, (Vol. jr.O, L'.'i Feb. liHiS), p. S57.

<;. Wilt/or, Colorado State T T n ,
ere cho.--i-n p r l i n r i r i l v on the han[n of tlu-lr active pol i t ica l Involveira.i 'nt In

A A S riff-sirs." lie K»;;i:'-sted t ha t "tlie fact tha t an i n d i v i d u a l la concerned about t» civen

,
"Thus, Cfcarl '-

J r . f i l . ' i d i i . - i i s were
Tnlverslty, cornplnlued thut "It Rooms that

In no way ' i i u i l l M i M him to n.ake j u i l t r m e n t K on that problem." He u l s<> rxproiwii the
i,<* "''.hit the jjowi* s t r n c i u r u in the A A A S wi l l take a second look at this rornmiUcti ftml

.ii:r«: t h a t »t least one i n d i v i d u a l w!:o \n competent In the scientific nspects of ciM'inleftl
. i rf . in; -will he lnrMiided us a votinj; uioinbcr * * *." (Letter to tho editor. Scientific He-
!xrch (Mar. IS, lOOSJ.p . B.)

i tL^vliola
^Hbc b

prob-
ie bour of

political issue. Because of the bearing of the letter on
tern of technological assessment in a political envirom
the letter is reproduced in its entirety, as follows:

DKAB Dox: This is to inform you that I am resigning as a m^iahfr'and chair-
• man of tho AAAS Committee on the Alteration of the Knvironruwjc. It i.s with

great rehietanco that I hiive cwue to this conclu.sion. TJie decision was not an
easy one to make and was based on two factors. Out- i.s that of severely l imited
ti jae: 1 .should iiavo realisii'd earlier that the enormous dwuanils rcijuin.-il of tin;
chairman of the committee would conflict wi t l i my heavy m-iuZeniii; j idmi j j i . ' - t ra -

. tive duties at the university. The other i.s tha t o f - t h e VSetnain issuer already
this issue is creating treinendous pres.surt'.s f»r tlie committee, not only more
time consuming and diflieult but wiiieh will also endanger U.s v»-ry purj'o.-e.
' iWhen we set up the committee we were concerned with intel lfC' tual and prac-
tical problems of environmental alteration, whether they resulted from the i»>i>-
ulation explosion, from modern industry, from automobiles, from thy overuse of
jtpsticldes and herbicides, or from the excessive use of agr icul tural fertilizers.
The AAAS was concerned tha t it should not become directly involve*! in itoUtir-s
arid that it had a role to play in pointing1 out to the publ ic and the Government

' ways in which scientific .knowledge should be the liii.si»- for governmental action.
It also recognized that we were going to have to deal with tin; i»rohl"in which
has arisen in Vietnam due to the use of chemical agents, par t icular ly lierbict(I"<,
by the Department of Defense. However, we did not wane the basic life of the

' committee to be OTerwhelmed by this particular problem. • '•
It appears that I was naive concerning the political pre-s^nrf* In relation, to

the Vietnam problem. Someone, probably someone connected with rh« Depart"
inent of Defense, leaked the report of the JJid'.vest Rr-'-'enreli I n - i t i t u t i - to fin1

New York Times evtn though the report has been denied to the AAAS unt i l the
National Academy of Sciences evaluates it. It is clear t l i . i t it is going to be
extremely diff icult to obtain an impartial view of the report.

One might think chat professional scientists would not expect the c i -mmtr tee
to reach conclusions before it has received scientific evidence, but this i« clearly
not the case. The correspondence reaching my desk, and t.lie te lephone 'Crt i ! - • —

• niany of them from very "dist inguished .scientists—iiidie.T'e"'that "many poodle
nave prejudged the issue before-any commii t fe can be formed. Ouj<: t!vr.-? are

. trying to determine the composition of the committee arid the concliwir>n< t i ian
it will reach. If this seems exaggerated, I would refer one to Luther Carter's

• article in Science, January 12, IMS.
Anyone who knows me knows that I would be unwi l l ing to chair a committee

that would either whitewash tiie Department of Defense or would reach con-
clusions before scientific evidence was presented to i t ; I would also be unwi l l ins
to servo on a committee that j 'was organized in advance to condemn the De- '
partment of Defense without adequate data. Though I have serious doubts of
the mi l i ta ry necessity, or the morality of the American part icipation in Vie tnam.
if I am to serve on a AAAS committee I must do so as a five agent. The r«>!itical
climate within the membership of the AAAS is such tha t I do nut believe that
nn Impar t ia l study can be made. I am al<o a f ra id tha t tin; Vietnam war and
the emotions that it creates makes di lHenlt any at tempt to really evalua te tho
other important problems of tho a l tera t ion of the env i ronmen t .

I reali/.e tha t my delay In reaching these conclusions has caused d i f f i cu l t i e s
for the AAAS. I can only wish it every success and IIOJH' thut a committee can

•be set up that can be of value not only to the AAAS but to American society.
With my best wishes to the officers and directors of the association,

Sincerely yours,
.'• ' .- . . DAVID R. GoDb.uio.

Tho article by Luther «T. Carter to which Dr. Gmldard referred in
his letter was an attempt to specify tho task of the n.o\v Committee,
on Environmental Alteration, and to indicate tho nature of the chal-
lenges that faced it. It opened by stating that the- first order of busi-
ness of tho committee would bo "the ecological impact of chemical



agents U'-ecl^BK"ietnam and elsewhere.'* Factors in this consideration
would be t̂ ^Bl! study and the NAS-NRC review of it. The_j>osi-
tions of th^Ppartment of Defense and leading critics of herbicides
in war were identified. One item of criticism of the cpmmittee «cited
by the article was tlvat of Dr. Pfeiffer. According to Carter: .

Pfoiffor fi-cls that, \\-hilo the new committee is chaired by David R. Gtoddard
mvost of tlio University of Pennsylvania) rather than by Dubos, it is essentially
fc;:tUu!ation of the iul hoc comiuittoo under a new name. His confidem:« in it

l'.'i be greater, he said, if among (lie members to bo added are people wach as.
i'^on ;it>it two Harvard contributors to Scientist and Citizen's issue on ctuemicnl

ril warfare—John T. Kdsall, a biological chemist, aud Jean Maj'er, a
and specialist on the history of public health. . ' ' •
in his article, observed that among the members of the
'wore Barry Commoner, who had been a leader in the

information movement, in which Pfeifl'er also had been
Two other members—Dubos and Athelstan Spillmis—were

of the science advisory board of Scientist and Citizen, official
public-lit ion of the Scientists' institute for Public Information- Also
in the article. Carter had volunteered the editorial comment that not

confine themselves to recommending further studies or action by
others." T«
Xational Academy of Sciences Review of .MRI Report

The haste with which the MRT report was pressed to completion' is
.-Mrgested by the method of its delivery. On November 7,1967, the jSTAS .
P.sriel met. with personnel from MRI and the Oflice of the Dissector
f'! De-fense Research and Engineering, at which time copie's of chapters
1. 2. ?,. and 5 were turned over for analysis by the Panel. Then, on
D*'''V!i:ber 1. MRI mailed directly to the NAS Panel members complete
'••i-.Mu-s of the report. However, according to the later recollection of
V-'iliiam B. House, director of the Biological -Sciences Division, Mid-
•\.--~i Research Institute, the institute was dissatisfied with the appear-
;•>.::•>•• of the document, which had been typed on one side of the- page
only, making it voluminous in size. Copies of the revised report were
r.'i-cived by O.D.D.R. & K. on December 20. These were sent, to the'.NAS

J Panel to replace the earlier copies. On January 31, IOCS, the NAS Panel
; Import was rer-eived by O.D.D.R. & E., and on February 15, th? MRI
| report was made available for distribution by the Defense Docunawnta-
::| t;on Centora.s a method of public release.
| The review of the MRI report by the National Academy of Sciences
j (NAS) apparently beer*in Novemlmr 7 and was completed by Jatuwary
-i:'|, lOHS. In the mi-untune, however, as Dr. Goddiml had indicated in
| his letter of resignation, <i discussion of the MRI report's findings had
:| uppenred in the New York Times :' weeks earlier, and had apparently
;.f stimulated further excitement over the issue.'Treatment of the report
-,'oy the NAS was some what noncommittal.

port

I TGI*" I'D ''jr S\n~'nri*r' r>Vw AAAS "Commlttco to Study Cliemicul Dcfiillnntfi.-

The report itself was a substantial volume, 3C9
referencing 147 persons as_ information sources, — :

1,500 items of bibliographical references. The re
ing findings:79

aultilithed,
iges listing
the follow-

(1) Direct ecological conscrjuence of herbicide use in Vietnam wns tb£ de-
struction oC vefe'etation, setting a region back to an earlier stage 'of development,
from which the process of restoration would then occur.

. (2) Food chains of fauna mid heterotrophic; plants would be altered.
(3) I'hytotoxicity of herbicides in the soil wa:s not a con.-udrration. nor1 were

letluil toxicity to humans or wildlife, or concentration of deleterious chemical*
in food chains.

(4) Data on chronic toxicity were incomplete.
(5) Data on aquatic environmental effects of herbicides were inconclusive

:and niixed — some favorable and some unfavorable.
The report then identified four important areas of uncertainty that

. remained:
(1) The effect of . 2,4-1) and 2,4,.>-T on water quality.

'(2) The possible threat to mammals and birds already approaching extinction.
(3) Micrometeorological effects of forest denudation. !
(4) Possibility <jf exposing lateritic soils, such as to result in tlif-ir hard>nins

-•and infertility. . •
Reoicw of MRI Report by National Academy of Sciences

In accordance >vith the understanding between the O.D.D.Tv. & E.
staff and the board of directors of AA'AS, the NAS Review Panel
was to comment, on "the thoroughness ;i:.d accuracy with which the

scientific literature relating to herbicides and their ecological e:"
. had been examined and evaluated.'' •

• ; . - ' The NA.S assessment (presumably drafted by .the Gluiirinau o!: the
Review Panel)'1" noted that the Panel had not functioned as a commit-
tee "in the usual sense'' because they "did not have an opportunity to
meet as a group after the final report was made available." They had,
however, provided specific comments and advice on early drafis of
•chapters in the report and, after completion of the first fu l l dhift,
.submitted corrections, suggestions for deletions and additions, laud
general comments." The consensus of the Panel was as follows:

(1) Midwest Hosearch Institute Iws done a creditable job of culUrtin^ cor-
rt>t-tly abstracting, and cit ing much of the relevant published Inf iT i i in t i t in , al-
though, under the cifi-unistiuuvs, tin- report could not In- expected to covi-r in
u truly <-ompreluM>sive way so vast a literature. '

(2) Of necessity, the preponderance of the matt-rial deals with herbicides as
tUi>y are used in vegetation matia^i'iuent in a diversity of si tuat ions and environ-
ments. On this general topic, abundant data are available. However, the M.-U-U-
titic l i terature provides markedly less factual information on the ecological cmi-
senuciuvs of. herbicide use and particularly of repeated or heavy herbicide
applications. The Midwest Kesrurch Institute report correctly iviUrts this
disparity.

In transmitting the. report to Dr. Foster, January 31, IOCS, the
Pivflident of the National Academy of Sciences, Frederick Seitz,

' TnrnphrftMi'd from MRI report, Op c l t . , pp. 2nO-2!>2.
"Tin- iviuiol W I I H Hinlri'd hy l > r . A. S. Cr j i r tu , Vi i lvrTst ty of Cullfornln at tinvli . Mem-

1v>r« wrc : Or. K c l t l i C, HiirroiH. i l lrcctur . I ' lunt Science Ilowiirrh rind IVvi - lupmcDt ,
I)<iw CliiTiilrul C<». : l>r, lUfiiiint Kfliri' i iH, i l i-tuirtiiK'ni »C *ite«tiatny nn,\ pliint irftu'tlfs.
« l n l v . of M l n i i . : l > r . W l l l l u i n S. l t i < i u i l i i K l i i ) i r . i l i ' i m r t i H i - i i t of tx'tany, Unlv . of Mii.-!i. ; Dr.
Wll l lnm K. Kurt l fk , {tcpiirtinnat of farm rni|'«, ()n-i;»n Htut i - i 'nlv. ; nnj Dr. Wiirr.in C.
Sluiw, crop roxi'iircll i l lv lnton, Acr l cu l t i i rn l IteMcnrcli Scri-liv. U.S. IVpt. of Agrlcu'tute.
Th«.M!<I ri-port w«n Hiihmtttitl to the 1'rcnlUctX ot.tlie N'.VS. Jun. 29, IOCS.



expressed the
is onl

view that "it is clear that the compilation of this report
-'ep in investigating furl her fc3ie ecological effects of

^^^ herbicides. Some research in this area is now under
but WiK more 'needs to be clone." Dr. S«*itz indicated that "the .

Academy will be glad to participate in any useful way in the planning
and promotion of such research."

Attached to the Panel report were 16 excerpted comments by mem-
| bers, not individual ly identified, that the chairman judged tp be

"informative and illuminating." These are briefly summarised as, •
follows: • • • . , . - ,

A good job, particularly considering the short time in which they had to- .
conduct the- study and prepare the manuscript.

There is a need for short-form [ecological] studies [including determination
of residues in fish]. • . .

* * * A substantial report in the restricted time available * * *. However,
the re]x>rt cannot be considered a complete compilation of the available scientific
literature on herbicides or the ecological consequences of herbicide tisasc .

Unfortunately in ecological evaluations quantitative conclusions must in
c:fi-t instances ?:ve way to qualitative judgments Erased on past experience.

'Questioned the "areas of uncertainty" cited by tlie MUI report.)
.'T'ifferencc'in biomass betwen Vietnam and temperate regions exaggerated.)
"; l:e entire section evaluating the major ecological 'Questions and making a
:,'ment on each one is sound in all respects. It is conservative, yet not ex-

^ x-'ively so. * *.* The problem of soil laterixation [rsiay not be real].
I am very favorably impressed by this entire section of evaluation.
* * * Reasonably accurate and fairly comprehensive Teview of the literature.

(Ho-wovor, noted that there was a dearth of literature directly pertinent to- -
th? t i t le of the MIU report.)

Kcological consequences of herbicide use, which is the main theme for the
nianu<=cript, suffers most from the inadequacy of the Jtuforiuation available to- , .
actually present an assessment. . „ .. -•• . . ' :".

* * -* A more adequate job could have'been done in reviewing current research-
uii'lr-r way to strengthen infonnation on ecological nspt'-cts eff herbicide use.

I (Tlie report did not consider a wide array of ;';:'->j-?efs !by the Department of '
I ---. -,-r;-:ulturi! bearing directly on the relationship oH ii'-rlijcMcs to the environment.) _ -
'* '- ' *" An enormous number of hours researching the literature, and developing' .
| ; -.i.k^round understanding of tlie field of herbicides. * * * Put together as a .
j r- :•. :li entirely of knowledge gained -through literature review without a working-.
I J-.-i'.-kground in the field involved. (Frequent oversitaplsffications but.reasonably.
I thorough and authentic.) ' -
-^ (Evaluation by XAS is based on currently used fceirlncides.)
'I (Ic.suflkient knowledge available about movement antS persistence of picloram
S : M S'.-ils and water.) . '.";•.
ii {Concern for lateralization is exaggerated;'soils aze not laid bare.by her*
H-iddes.) . ' - ' • ••• -

j,

rf the MRI Report ' ' \ . ;\ ' . .
\ Ta the professional press, the if RI report had a>. smixed reception. Dr..
11'red IT. T.-;cliirley, an authority on herbicides with the U.S. Depart- .
' if! -\';i of Agriculture (Assistant Chief, Crops Protection Branch, Agri-
.if::.]rund Kc.-'oarch Service, USDA), called it a we33-done literature re- '
fvlew but "disappointing localise its direct applicability to Vietnam
.|i.-i so tenuous." S1 Ecologjst JFnuik E. Egler, who Iiad pioneered in the
.}u-e of herbicides in Connecticut, comp In ined of the study'that "NcitJier • .
•the published literature, nor the scientific knowledge allow us to make,
~-y,\ afif^-ssment of long-term ecological effects of extensive or repeated
i:..-« of herbicides."" Howard T. Odum, of the University of North
j— . - -

'"litvlewH," Kcotogy (Vol. ^f•, No. 6), p. 1212. ' . . - '

Carolina, observed that "Data on Vietnam ecosystems are not in this
volume." 83 Science News titled a description of th^H^I study "The
Nondefinitivelleport."8l ^^H '

deception by the general press was also diffusecl^BFinconclusJve.
' i -i r J.I.- -.,...,...* 4-1.,,f *!-.„,

Vietnam."0" INCWSWCCK wits jnun; »A^U^.II>. j j i ^u . ,.t^.. v..^ ......^..v.v--
voluminous report in hand, neither the. Pentagon nor the AAAS is

• likely to be satisfied entirely." in fact, the article continued, "Thy real
evaluation—in the field—must await a quieter and safer time for scien-
tists in Vietnam." 80

Thomas O'Toole, in the Washington Post, had his story headlined
"Defoliation Threatening Viet Wildlife."87 William Hhiesr story in

'the Washington Evening Star, was headlined "Defoliation Study a'Bit
Hazy—Vietnam effects unclear."ss

A succession of headlines- in the Xew York Times illustrates the
equivocal effect of the Mill study. Thus, on January T. a preliminary

. -» i i i ^ »j. 1 . 1 t. _ , „ .i',.,,-.^,/] ,.-^_. 1 *^ T /\ ii,, .,/] J»T? Y*4-

ew Victim or me n ar, xuaiuiue/ --
; It is possible that much of the news comment about j:he report was
j prepared on the basis of a short summary of its contents prepared by
'Dr. llaywai'd of the oflice of the Director of Defense Ittseuivh and

, jEnghveerhur find released' arpun'd"February .1', ls">GS. The full 'Mill •
I report and'jt.he accompanying XA-S analysis were hot releaied' until
'February la. - • " : . '

In the .opinion, of Dr. House, "* * * The, press, at least to my knowl-
edge, [were] addressing themselves to a release before the report itself
was available. Although it mentions in the release that it was a 3t59-

•'.pago "state-of-the-knowledge.'! survey, 1 feel that some of the com-
ments conun'g from the press might, have been slanted in a diu'erent
way if they-;had been reporting directly from the report itself. The
report carried a considerable amount of factual data and our pliilos-

. ophy in approaching this problem could not be adequately expressed in
a 41/j-pago summary."03 .

By the latter part of February'IOCS, there was a good deal of con-
fusion as to the status of the "technological assessment'' that the AAAS
had undertaken in response to Dr. Pfeiil'er's communication, Thisstato

"Idcm.« vol. n:i. 24 TVb. inn<». p. iss. .
» (Kch. 2.'(, 1110S), p. 70.
» (Fob. so, i n n < 5 , |>. no.
« h-'ch, 11, inns), p. A-l. .
* (Jan. SI, 11)08), p. A-7.
» (Jim. 7. 10OS), p. 3.*> (I'Vb. 1.1, l uns i , p. 4.
•1 (Fi'h, IS. I ' .H' .S l . I I . 5.« (Vc-ti, an, uxts>. p. o.
*» Jitter to Mr. Cnriicntcr, op. clt.



.

, formexl to inviSJ^Po us<\s of cli'omlcal and biological agents. I'feiffer haw offered'
•v| to servo and is now planning to bring pressure on the association, to spoEwor an
•jf extensive symposium on the subject. The Scientists' Institute for Public Infer-
.'4 jjujtian in Xcu' York will be eulistod by I'fciiTer, nlt l ioug' i another group—Thysi-
.f ciiitis for Six-ial Hfsjvnisiliility—has already offered to help. This group tos had'
$ exivrieuro of firsthand Held research in Viotnam, having visited hospitals there.
4 If the AAAS won't, sensor the symposium, said I'feifl'er, another organMation-
.'-' l ike the International Red Cross or the World Health Organization will be-'
$ approached. ''The symiwiinm would hopefully stimulate people to go iflito the''
•'3 fit?Id and get data on the effects of herbicides. This should include Vietnam in1

:Jj areas which are not continually under fire," Pfeiffer said."
I Thus, by the. first, half of 1968, the problems of conducting a teehno-

:$ logical assessment by a large association of scientists had been identi-
3 fled as complex and formidable.
3 There, was the importance attached by many leaders of the scientific
| community to the preservation, of the canons of scientific objectivity,
.5 which meant avoiding resolution by scientists of technical issues into-
•I which a considerable element of political controversy had entered.

: | There was the problem of screening out of the controversy the bias
4|of those who were opposed to all forms of participation by the United'
t|8tates in the Vietnamese conflict, and who rejected out of hand the-
•"^defoliation program as merely one- more Manifestation of a program
Jfto which they objected on broader, political'grounds.
:•* There was the tendency of some scientists to recrard
'•-i' • . . . 1 . . - 1 _ . • I T - . . f : 1 • •> . . /. -r^ » ^ . .

the orgainiza-

'; a conspiracy to defend and justify programs simply on grounds'
•r>; ;hort-tenn military expedience. -
.:^ There was the fundamenta l difficulty that the sciences "contributing-
: Jo- -ecology u'cre insufficiently developed to permjt definitive findings
|i- to the long-range impact of herbicides even. in the United States

Js-.-here they had beeji used for more than two'Vlecades; so that an
"|i -:>--?ment of repeated and possibly heavier application

in an altogether different ecology,
of herbicide

under the hazardous coiidi-
•\i\--:\< of a diffused guerrilla warfare, posed insuperable problems of
•J /^ni t ive assessment.
I An assessment of the use of herbicides in Vietnam required (ft)

•"'Vrvincial resources to mount an expedition, (I) military support for
,,|' t f » gain entry to the combat area and receive protection wliiloprotec

' j r n ' j f - t n g its onsite examinat ion, and (f>) stafling by recognised

J' - ' - iont is ts unconnected with any aspect of the defoliation program to
-tablish objectivity and maintain credibility. It. had l)ecome apparent

|i:rit tho-MRI report was only the first step toward such an assess-
Ji''nt. Wljilti it had eliminated- a number of questions it 'had raised
•'|r underlined others. Hut there ii[)peared to be a growing consensus.
" ' . further investigation w a s needwl. .-

" SclenUDc Research (Feb. 19, 1008), p. 12.

,.J _l^n r r— ^^^^
There have been outright attempts to kill the project couiplete^^^ v,-<-nt on].

Are American scientists capable of making an inderxmdent study or not? So
far the situation has been up in the air. You cannot get the AAAS board of dire-c-
tors to commit themselves to'such a study, am] I don't think the average AAAS
member knows that the study was ever being considered.

. He regarded the use of defoliant chemicals in Vietnam as a "burning '
issue" and said: "I hope the new committee can send a. group to Viet-
nam, and that it will include people who are concerned with this

. issue."K - - - • , ' • - .
Dean Price saw the role o£ AAAS somewhat differently: ' .
Our role is far from finished [he said]. This i» a slow process. My own opinion

is that we had the choice between the kind of operation that would call for
n. large staff and large sums of money to do firsthand field research. The AAAS
has never done this. We operate by committees and review field work done by
others. To do Held work In the combat zone is even more difficult.

We could have mounted a protest movement which would have achieved
little and which would have been opposed violently by the overwhelming majority
of our member*. The other way was to get the best scientific study done, and
then have a committee of hard scientific competence to review it1*

When tho MRI report, and the accompanying assessment by XAS,
reached the oflices^f AAAS, early in February, the association was
unable to take any immediate action because there was no continuing
group in session. However, in March, the board of directors met
and voted to accept directly the responsibility to review the Mill

• report. Arrangements were made to have copies of both th« report
and the NAS assessment, provided'to all members; in addition, the'
AAAS staff, was asked to send copies to a number of consultants to
secure their comments and advice.97 •

The precises function of the AAAS in relation to the MM report
is not clear. From the point of view of most board members, the- im-
portant question was^the broad, long-range condition of tlu> human
environment. The military use of herbicides in Vietnam was decidedly
secondary. Tho latter issue was also so inflammatory that any AAAS
committee asked to study both the general environmental condition
.and the specific issue of Vietnamese herbi.cide usage, would be under
great pressure topical primarily with the- secondary issue. Experience'
had shown tho diflieulty of organizing u committee will ing to accept
both.issues. '

Onco tho Mill report had been received, the board decided- to
accept direc.t responsibility itself for the assessment of the report and
of the Vietnamese herbicide issue. It was not accidental that a number
of board memlxjrs were qualified as biologists or ecologists, specifically

""'Chemical War: a hot potato for AAAS," Scientific Research (Jan. 22, lOOS), p. H.
•i Idem.. " Theno wore Bent t«» members of the DiiUos Committee, ami of tho Committee on Science

In tin- I'romutliin of Human Wel fare; they iiNo WITH Kent to nine presumed authorit ies in
tho Ili'M. of whom only three rrt t ir t tn l t l iclr comments before the June nwtiui; of (be
Board, Ho.wever, at the .Tune/ meot l i iR the Hoard received the benefits of extciuU-il com-

. Ou;niH from llnrnlit Coolldno, executive director of tin- 1'acillc Science Hoard, whu had hrcn
In Vietnam a few motitlm earlier, and hud met with Vk'tnamcHe HClcntletM IntcrcstvU In
tin; ecological cffcctH of the m l l i t i i r y Mac of hfrblcltlcH.



( f u - v . G i i i i i i i onc ' r , Huagland, Steinbach, and Thimann; the biologic
soien.v.-; h^e always been strongly represented in AAAS membership
and Kv^flwp, although nol necessarily the particular sulxfeciplines
(tropid^^Blogy, plant metabolism, weed chemistry, an<I control
proeesse^Wc.) most precisely germane to the MRI report and the
related Vietnamese issue. On the other hand, the board members '
reasoned that the board itself could not escape ultimate responsi-
bility for any.report generated by the committee of the AAAS, be-
cause the public, release of any such report would require board review
and approval in any case. Moreover, the issue was regnrdetl ..as less
technical than of a'general scientific-political-organizational nature.

' The issue was what AAAS should do about the MRI report, rather
than the scientific task of designing a field study of the consequences
of the use. of herbicides in Vietnam. Finally, the board could, If neces-
sary, obtain the advice of a technical. committee or of individual
consultants, in handling the matter. Distribution, of the MRI report,
as described above, would facilitate this. •

Assessment of MR f Report by AAAS Board of Directors
In mid-July IOCS, the Board of Directors of the AAAS issued its

own policy statement on the use of herbicides in war. The statement
took the form of a review of the MRI report, together with'tlse XAS
commentary on it. The board almost unanimously issued a basic state-
ment, accompanied by three supplementary-statements by "some mem-
bers of the board of directors," and a separate dissenf by a single board
member who preferred an entirely different analytical approach.

In the basic statement, the board expressed t-h'e conviction that
"many questions concerning the long-range, ecological influences'/of y "
chemical herbicides remain unanswered.;" One of these was the extent :

of long-term deleterious-effects of the forest defoliation in Vietnam.''-: '
They also questioned the use of arsenicals on crops and the "ultimate
route taken by arsenical compounds in plants, soil, aiWl animaJs.w Ac-
cordingly, (hey did not '"'share the confidence expresses! by the TVj-wut-
ment of Defense * * * that seriously adverse consequences win not
occur as a result of the use of herbicidal chemicals in Vietnam, insofar
as arsenical compounds are concerned.'' They also took account of the
"serious concern expressed by scientists in Vietnam 'over long-term
environmental consequences of the military use of herbicides." Be- '
cause of the uncertainties in available, evidence of these consequences,
said the board, "such charges cannot now be answered unequivocally."

Accordingly, the board recommended— \

That a field study he undertaken under tho auspices nnd direction of the
T'nited Xntions, with the participation of Vietmtmpse scientists arwl scientists
ir'/m other countries, find with cooperation, support, nnd protection prorhtwl !>y
I-he contending forces In the area. This study, which could well ho supplcHsr.-jited

>.'>• pxi*'rim<-;if;il work els"when>, should provide n detailed environmental tin- • .
.'jjys-is of the lonff-njiijre effects of the agents used and of tho steps necessary to
.-; r -u re optimum future prodinMrltf of tho environment for the welfare of its . , '•
i.-.h.ii'itarirs. -. . • • • . . . . _ . . . . - . "" . .

Further, we nrjre that the maximum possihle, nmourit of relevant data be .
released from mil i ta ry security, so that the scieritistw conducting the studf anay

kiioyv the arcnn affected, the ngent.s used, the dates applied, nnd the dwiagesr-mjiloyed.

We express especial concern about tho nsc of arsenical hprbl^kg! in Vietnam,
and urge that their use be suspended, if it has not already U^^HJopiff'd. mull
the ultimate fate of the degraded arsenical compounds cai^^^Kre reliably
determined. • ^^J

We recognize the difficulties involved in the proposed field s tudy: however, it
.is our hope that the feasibility of such a study may be increased as a re-ult of
the current peace talks ijj| 1'aris.

Finally, we hope the' recommended study can bo initiated promptly and we
proffer the good offices of the association in helping to plan it and to publicize
its findings.1" '

One.' supplementary statement, by Messrs. Commoner, ITolton, and
• ' Steinbach, declared that the herbicide program, should be stopped be-

cause (a) U.S. experience was not relevant, in view of the higher do=ajre
levels in military use; (&) the chemicals inhibited the formation of
nitrogen-fixing nodules in leguminous plants; and (c) might cause
widespread chromosomal, damage among plants. Moreover, the use of
herbicides raised serious moral and political questions whiHi "Ought
to bo carefully considered in the present national debate on the moral-
ity and political wisdow of the war i n Viet nain.90

A second supplementary statement, by Messrs. Roberts and Tlii-
mann, took specific exception to the first supplementary statement, and
held that "the use of 2,4-1) and 2,4,5-T for defoliation of forest cover
probably represents a military device for saving lives that has an tui-

• precedented degrefc of harmlessness to the environment." in!'
A ^ third supplementary statement^ by Messrs. Glass, Hoagland,

ilolton, Klopsteg, Price, Kees, Rieser, Roberts, Steinbach, and "\Volile,
agreed that United Nations sponsorship of. the recommended study

• would be desirable, but insisted that "iix case such a course of action .
•'is not politically feasible for the United Xations,'theU.S. Govm-maent

should reserve the option of initiating and supporting such a study
..through some private institution or special panel of independent
observers." m

A fourth supplementaiy statement', by John A. YTheeler, a juiclear
physicist, expressed the view that 20 years of ecological research would
not produce "an order-of-nmgnitude increase in the available iufor-
mat ion," and that enough was already known for the immediate jwlicy
decision. He recommended greater effort in disseminating herbicide
information, issuance by tho United Nations of limits on arsenical
herbicides, U.S. research on herbicides in the. United States, and ac-

• ceptance of tho existing situnf ion in Vietnam in which the local people
had tho responsibility for deciding tho military use or nouttse of
herbicides.10;

A clarifying exchange regarding this action by the AAAS board
appeared subsequently in the pages of BioSciencc, the journal of the

. American Institute of Biological Sciences. Prof. A. Carl Leopold, of

»» 11)1(1., p. 2.Vi.
Iil.'tn.



ti:o Department of Horticulture at Purdue University, in an editorial
stareme-m aj^^^ tha t t!ie cil'oets ot' military herbicide use should be
studied; bi^^Bacted strongly airuinst the position taken by Messrs.
Commoner JpPFon, and Steinbach: "* * * With 500,000 American
men in a ki l l ing war in Vietnam, to assert that this herbicide cannot
Iv used in protecting them, when we use f>7 million pounds of it per
year in our own country, is fantastic.' '103 The three AAAS board.
nuvmlK>rs whoso, position Leopold questioned, replied in a joint state-
ment in the December issue of the same, journal. They referred to Dr.
Fu-tcr's assurance to the AAAS board, by letter of September 29,19GT,

(1) Qual i f ied scientists, both inside and outside our ^Government, and in the
governments of other nations, have judged that seriously adverse consequences
wi l l not occur [from the mili tary use of herbicides].

(~2) Unless we had confidence in these judgments, vwe would not continue to
employ these materials. • ' . .

The respondents insisted that what was involved was scientific judg-
ment : whether the use of herbicides by the military services would in
fact, have serious long-term ecological consequences. They went on
to suggest that the Leopold editorial "* * * reflects confusion re-.
garding the role of scientific judgment in the social issues which
involve substantive questions of a technical nature."

Kvery technology [their statement continued] involves benefits and hazards;
scientific evidence is required to evaluate the extent of (fee hazard associated with
a given benefit. However, a judgment which determines whether the estimated
hazards outweigh the estimated benefits is not a scientific matter. Such a judgment
must be made by an individual on ethical grounds, and Ivy a society on the basis
•:<f political decisions, which it i.s to be hoped, reflect ilic moral views of that
society. It i.s i/erhn]« useful to point out that the Ooveniisaent of the United States,
has already forsworn the use of certain weapons in Vietnam that might con- .
'•civably, in the short run, save the lives of some U.S. soldiers: nuclear weapons.
The present question i.s whether the chemical weapons now in use in Vietnam
ought to fall under a .simi'.ur proscription. Leopold is, o€ course, free to express
his own view <in the moral Judgment, but he, and other responsible members of
•In- scientif ic commur;ity, also have an obligation to refra.it] from confusing their
own moral judgment with scientific fact.10' ,. • • • -

of AAAS Correxpowhncp, with Stale. Defoitsc, and United
• Nations . ' . • - •
Following the AAAS board meeting, lot tors were sent out "July 19,

|]Oi;,S, over the .signature of Dr. Dael WoHle, e.woutive ofiicer of the
f AAAS, to the Secretaries of State and Defense, and to the Secretary
:]' ( t - iH-ral of t!ie United Xations. The letter io list- Secretary General

rransmifU'd a cojjy of the statcmont by the Ixwrd of directors, and
fn-k-ed tha t consideration be given to the, proim^n] that (he Uniled
Xah'ons assume responsibility for a study of the long-term effects of

j t h f 1 . u-c of f l i i ' in i i ' i i l hei'bicides on the ecology of Vietnam, This, said
it :ic Ic t f t - r , would be a ''means of insuring objectivity and iutjTnatiniiiil
| ;>a r t i r i | i a f inn "' * V The response, August 5, signed by .lost' Kolx-
iF ' f -nno f t . f ixU-r Secretiiry fieneral for Special Political All'airs, indi-

•atcd that, the Socivlury Cioiu'rul oll'ered assunmcos " * * * that the
|.iatt4T of Hicmiral and bacteriological weapons 5s receiving his very.
i-ioHc attention." •

8, vol. IS. No. !)), p. «53.
i," KiuSclmrv, (Ijrcrmbnr, J fKJS) , p. 1007.

The response of the Department of State, dated Septea^er 3, signed
by Charles E. Bohlen, .Deputy Under Secretary, to^BLte of the
fact that "there are differences of opinion on the use o^^Kn chemi-
cals even among the members of this distinguished grou^r l^ivcalled
'that limited studies, already made by Government • agencies, had
"failed to reveal serious ecological disturbance.-;/"- It. acknowledged,
however, that "the ultimate ell'ect, of these herbicides c"in_ be deter-
mined definitively only by-long-term studies." Accordingly it favored

• such a long-term study in Vietnam. However— ' .
Such studies in combat areaH are.'obviously diff icul t at present. The United

States will be happy to cooperate in responsible long-term investigations of thi.s
• type as soon as practicable. The participants should be selected on the basis of
their scientific competence to insure acceptance by tbe .scientific community.

, The AA AS letter to the Secretary of Defense expressed "ratification
at the MR I survey. .But it noted "that "* * * on .a number of points
information is lacking or insufficient." • .

The [AAAS] board has concluded that a study should be conducted of the
long-term effects of the use of chemical defoliants on the ecology of Vietnam, and

• has proposed that that study bo carried out under the U.X. auspices. A majority of
the members of the board have added a supplementary recommendation that th««
United States assume responsibility for such a study if the United Xations is
unable to do so.

gn
the earlier assurance that herbicides

scriou.slv

t eip
the AAA|S board,1 and repeated

..would not be used if competent opinion found them to have seri
adverse-consequences. The.letter continued— • ' • •-.-- - - - -. •

•* * * Vife.have continued to gather data and to repvaUiate-aU available data
and technical judgments. While th^re are a number of scientific. i |Uc>ti i>: i> left
unanswered by available studios. I those fiuestions apparently \ \uii i i l ;n>f be
answered Iff additional, short-term investigations. On balance, wo continue to be

• confident tjiat the controlled use of jherbicUU-s will have no long-term tvola^u-ul
• impacts inimical to the ix>ople and interests of South Vietnam.

Before we started the herbicide program in Vietnam, we siwnt a year studying
the effects I of. herbicides on experimental plots in South Vietnam. \\V hud ai.->
compiled n botanical survey of South Vietnam, a copy of which is attached. On
several occasions we have sent scientists, both from DOO and the IVi>:ir; t i ient
of Agriculture, to South Vietnam, to search for evidence of adverse ecological
change. 'Tlie Department of State and AID hnve also made evaluative surveys
utilizing consultants from universities, the Department of Ai:ricuUiin>, and
the U.S. Forest Service. To date, ail of the reports of these surveys indicate no
evidence of serious adverse ecological effects.

. Systematic scientific investigation in combat zones is virtually imixis-ible.
Substantial mil i tary protection I i required to secure an area for mean ingfu l study.
Therefore we have devoted effort to studies' of analogous areas. \\V .-upporfed the
Department of Agricul ture in a fi-year s tudy of herbicides in areas nf Puerto llieo
and Texas which are similar to areas of South Vietnam; a copy of the ivixn-t on
those Investigations is also attached.

Wo have boneliltod from the-experience of others. For example, ur.-onica!
herbicides have been used extensively in nibbor and oil-palm plantat ions In
Malaysia for over 20 years nt application rates 5 to i> time* in i«xivs.s of timse
used In South Vietnam, apparently without adverse eil'ects. The ar.-enical we

'have used,(dimethyl ursinio acid) I.s one of t in- least t«xic of herbicides to
mammals.

Wo are, -of course, cont inu ing our Invest igat ions and Mirvcyn. 1 believe we
have consistently taken n responsible and o|M'timinded approach to the herbi-
eido program of the Department of !>efenve. As SMMUI i\* iwaceful condi t ion ' s
return to Vietnam, niul M.v.stomati'.' scientif ic Investigation becomes feasible, we
will support additional stud ION in nil ways that im« legal and proper.'



Vietnamese

t Attempt at Herbicide Assessment
ion that seems relevant to the calls for an immediate

ly of the effects of repeated use of herbicides on the
logy was an assessment under State Department

auspices in Saigon during'September IOCS. Apparently no single
vector was responsible for motivating this assessment; rather, it was . '
the culmination of a number of unrelated developments:

The request, by the, AAAS board of directors that brought in
the United Nations, as well as the Department of State;

The. fact that Dr. Fred IT. Tschirley of Oae U.S. Department of
Agriculture, at the request of the Department of State, had niado
ecological observations earlier in the year In some areas of Viet-..'
na?n where herbicides had been used; _ _ . • '

The fact that the AAAS board of directors was still in c'om-
" munication with the Department of Defense on the herbicide

issue; • ' . ' . •
The apparent concern of officials of tine Agency for Inter- -

'. national Development. (AID) over occasional instances of inad-
vertent damage to crops from military herbicide spraying.
operations; . .

The drumfire of propaganda from Hanoi and Peking, charging
the use of "poisonous1' herbicides (which tiae Yietcong guerrillas
apparently accepted at face value) ; .

The possibility that "world public opinion" had been influenced
by Communist allegations that required contradiction from well- •

. documented sources: • • - • • ' "1
The possibility that South Vietnamese officials and public.re-. ;

""'qtiired some degree of formal reassurance. . . . • ' . • ' ; " • . . " ' " " • ' , ' . !
Apparently, the herbicide program in Vietnam had been. sub- j

jected to repeated reviews and assessments within the official U.S. '..
ini-sion to Vietnam. A report by Elizabeth Pond .in the Christian
S'"'-'-nce Monitor, in late 1067, noted that in the spring of that year,
" Fallowing damage to rubber trees and to fruit trees, the military com-
mand reportedly ran a reassessment of its program and banned some • ' .
of the more volatile herbicides it had been iisuig and extended the .
radius of prohibited operation? around plantations." A more extensive
a.-.--:--^ment was in progress in December 19G7. According to the story .
from Miss Pond, "no one. in the mission questions the use of defoliants .
where mil i tary gains are clear cut and accompanying agricultural
looses are, minimal." However, there was nneasJmess "about the actual
practice of defol iat ion, about the. doctrine and guidelines under which
it i.s carried out." A subjective .indicator cited \Va.s tha t "One American
••ifTiciul i;i II i Corps, the hardest hit of any of the corps by unintended
fal lout , {rave the -judgment that virtually every Farmer in that, corps
knows of the defoliation program and disapproves of it." Accordingly,
there was an apparent need for "some workable rule, of thumb for
measuring potential mil i tary gain against potential economic, and . '
political loss." The economic officials, sho said, '"have asked recently ' ."• '"
for a technical study on tho potency and duration of effectiveness of
some of the chemicals used." In addition, the mission oflicials—

* * • would l i k f > to run « cheek on the guidelines ttfvf In use on defol ia t ion
operations. They would l ike to reconsider the permillcij margin of error, the ad-

execution
»

ug affects

ju«tmpnt to changed conditions due to time lags between conceptio:
of operations, and duration of authorization—-currently 1 year.

They would like to f ind out how much the danger of low-alti
the other delicate controls needed in mixed forest-cropland a

The more extensive.'assessment by the Department of State that
took place during, 1968, under the sponsorship of Ambassador ELs-
.worth Bunker, was reported in Saigon by the U.S. niiikion, September
J18; the text of the basic press release was as follows;

. In keeping with tho U.S. mission's policy of continually monitoring the U.S.
jrole In Allied herbicide operations iix South Vietnam, Ambassador Ellsworth
Bunker established a special interagency committee earlier 'this year to make a
comprehensive review of the program. The herbicide program, which is under
the overall direction, of the GVX and supportf.-d by U.S. mi l i t a ry and civilian ele-
ments, has been an integral part of the allied military effort. The committee's
tusk was to asses.s'the military benefits of the program in relation to its economic
costs arid to shidy its effects upon tho ecology of the country. The review indi-
cated that in. general herbicide operations in Vietnam have been accomplished
without significant damage to the ecology of the country and that the military .
benefits in terms of lives saved and other factors have far outweighed certain
known adverse economic effects. The committee, however, recommended certain
steps to reduce some of the economic costs as noted below.

Assisting the committee were a number of scientific and technical experts,
pome of whom were brought from the United States for this study. Among them
was Dr. Fred H. Tschirley, an authority on tropical ecology who is with the U.S.
Department of Agriculture. He conducted a separate investigation of the eco-
logical consequences (Jf the defoliation in Vietnam. The full.text of this study
is attached to this press release. • '

According to the findings of the committee, the use of herbicides around base
perimeters, along lines of communication, and against enemy infiltration routes,
staging and base areas has, both in terms of offensive and defensive action., re-
duced the number of men and amount Of equipment required for combat mission.*.

•.secured..material and facilities, and, most.importantly, helped .to save.the,lives.
.of many Vietnamese and Allied personnel. . • . - - ' . ' •

The military benefits of the use of herbicides against enemy food sources ia
food-scarce highland areas.in I, II. Ill corps, tho only areas where such o;>er::-
tions are conducted, was more difficult to assess. There was, however, consid-
erable evidence that food shortages for which herbicide operations were partly
responsible, have created logistical problems for the enemy by causing him" to
divert humnn and other resources to noncombat activities.

Kfonomic costs were found to be sizable. The principal cost was in lost or
j damaged timber reserves and merchantable timber, particularly in war s-.nno P
[ where security conditions have not permitted salvage efforts. There were other,
'. minor economic losses for accideutal damage to various crops due to spray or
! vapor dr i f t , equipment failure, and emergency jettisoning of herbicides. "The
.committee cutisideivd it wi th in the capability of the GV\ and tho USd, however.
;to reduce and e l imina te some of the economic costs of the program, prin«.-ii<aliy
'through salvage operations and reforestation.
i Tims, In weighing the overall costs, problems, and unknowns of the herbicide
'programs against the benefits, the committee concluded that the latter outweigh
the former and that the programs should be continued,

(Also available for information to interested correspondent* are copies of
wveral other papers prepared for the committee on a mimlier of technical sub-
jects, including spray drift, the toxieity of herlUeliles used In Vietnam, urn! the
persistence of herbicides In soil and water.)' -

Query Response . .
....If asked about implementation of Tachirley's recommendations and/or other
information concerning program controls and execution, we would respond, as Is
necessary and appropriate tha t : (a) Yes, controls and methods of execution of
herbicide programs were reviewed ; (6) Xo repeat no deficiencies were found that

.
<Dec. 27,

rnnil. "V.S, Oillelals Review Vlut Defoliation." Chris t ian Science Monitor.
'



. ( r f ) Details
involve seeuri

ng controls and tlie implementation of herbicide, programs
rmution mill tantiot be discussed.

Accompanying tlie ofiicial 'press release at the Saigon briefing were a
• number of papers that liad been prepared earlier. Three of jt|he.ge were
unclassified. One. was a detailed report by Dr. Tschirley—"An Assess-
ment of Ecological Consequences of tlie Defoliation Program in Viet-
nam," duted'April 12. l!)GS.10li The other two, both by T>r..C. E. Minn,-
rik, director of the plant science laboratory and Dr. K. A. I>;irrow,
Chief of the Plant Physiology Division, Department of the Arinv,
Fort Detrick, Mel., -\verc: "Toxicity of Herbicides in Use'in IIVX,"
dated April 3, and "persistence of Herbicides in Soil and Water,"
dated April C.

The, Tschirley paper enumerated the scope of his investigation as
follows: ' '. . . • ' .

The mangrove vocational complex was viewed from a helicopter overflight of
the-Rung Sat Special /.one fRSSZ) on March 18, IOCS. Defoliation of-the man-
grove in the B.SSX was started in IMG, but most of the defoliation flights were
iii.ido after June 1007. A mangrove area on the Ong Doc River that hsul boon
sprayed in 1002 was viewed from a C-123 overflight on April 7, 100S.

Scmidfciduous forest in war zones C and D were surveyed from a C-123 on
Marcli 23, 100S. A more detailed aerial survey was made on March 27, 10«J8 from
a high-wing Porter aircraft . Helicopter flights were also made over many of the
same arc-as, and some now areas, in the course of being transported to and from
specific areas that were surveyed on the ground.

Ground surveys weru made from Special Forces camps located at Thien Xgon,
Kamni, Tong Is Chom, and Bn L>op from March 2f) to April 1. IOCS, inclusive.
Several hours were spent in the fore,<;t at each local ion, to assess <ie foliation,.
ivfoli i i t ion, sueccssionril patterns, and to get a feel for the possible effect.-; of the •
defoliation on wildlife. In addit ion to the personal observations, nien at the camps
•were, questioned regarding the effect of defoliation on their operation, their irn-
pri-ssions about the. relative dif f icul ty of human movement in the forest (a rough-
measure of the density and composition of the ground story vegetation), and
M.shlinss tlioy had mitdo of wildlife. . •

Aerial and ground surveys were concentrated in war zones C and D twcause
l.irgn' areas have been sprayed with defoliant in those- zones. Portions of C and
P zones have been sprayed 2 and 3 times. There are no,other areas in Vietnam
where such large, blocks have been treated or that have been treated so intensively
'an exception to that statement: would be the DM/). Thus, tho ecological eon-
sequences of the defoliation program would bo expected to he most evident and
!i:'»st easily defined in those areas. War zones O and D were also acco.islhle for
n e r i s < i survey.* and tho location of Special Forces camps afforded the opportunity
nt elose observation from t h o ground. ' - . -

A concluding introductory remark is necessary, This report can in no sense lie
considered a complete, authori ta t ive assessment of tho ecologio effects resulting
from defoliation of forest canopy. The conclusions readied are judgments based
*~,n prior experience and the 7iecessari!y few observations that were poss'lile. in
an area of war activity within the time frame demanded.

'"• Substant ial)? f i l ls unin t - par>«T npponrnil umlcr tin- t l t lo "nofnllntlon In VMnnm," '
SH»nri« (vol. lO.'J. Fcii. 21, I f i f i ! ) ) . pp. 770-TSO. ,\n Impor tnn t a i l i l l l l d n to (.lie Science'
nrtii-le, not Inclinlc'l wi th tlif pnpi-r r"lf;iK«'il In .Siil^'nn, WIIH a <;ondu<1inj* Kcolinn ofMr»>o*>innji'n(Jji11f>n'*" -whlrli rnni l : .

- " (1 ) Tli" (Ic . - i rnMli ty nt <"-<i)n«lc rcscnrch In V l f t nnm n f t c r t l io wnr cndu' onnnot hn
ovr ' f (» inj>hr t i - i ro i j . Tiin r*"<cnr«'li vhoiiM IM- iKlmlulHtnr / 1 ' ! t l i r n t i y h nn i tw t lh i t lon t h ^ t t wi l l
futivMr r n n t t i i i i l l y nt i i l b r iMil t l i for the r^^'virch prnKrnm. Tin1 oppordinl ty of p H t n M l x h l n j :
ocolnclo. ri-nrnn li iui'li>r f l i p f n t p r n n t l ' i i i n l I l l ' i lnclcnl I'mtstnm K l u m l i l l i f> i>xplor<'<!.

"(2) Ci.ri t lnniti i t nssi 'HMni ' i i t «f (!»• i l i - f n l l n t l m i program nt It nffi ' i ' lH fori 'Htry nrul wntcr-
'h'-tl v.iliirK vlioiilil do mnili: Cirnuwt oKxi-mitlmiH nr i> lin«f (Ic.ilril!>]'', hu t ncrlnl "llrvcyn
during various nfusnua ol the ycur will cn i i t r lbu to much Knod l i t fu r inn l lou" (p, 7Kri).

A. Climatic cffcctx . . ^^^V
Alleged effects of defoliation on climate assessed as follows: preeipituiiun. no

effect; ground twiU'Orature. increa.-cd ; wind .-•[let.-d at ground level, higher. Swtt-
inary : no great effect on higher plants and animals; "might temporarily ai'ft-cv
lower life forms more dependent on specific microcliuiatic niche.s for growth iitn!
.survival" (pp. -11-42).

'Ji. KffcrtH mi x&lU
Kxpresscd fears of laterization (conver.sion of soli to hardened,- inferti le form)

assessed as follows: only about 30 percent of Vietnamese soils satisfy the condi-
tion forlaterization. "I'nrter natural conditions Jaterix.ation is a long-UTii; pro-os.
The process is speeded up when soil is exposed to direct solar radiation and wind.

• I do not find it, reasonable that the. defoliation program in Vietnam would hasten-
the laterization process significantly because bare soil docs not result from
defoliation" (p. 44).

Possibility of soil erosion : information insufficient for assessment (p. 44).
• Possibility of destruction of soil microorganisms: "* * * should have no detri-
mental effect" (p. 45). ' • • •. •
C, Effects on plant and animal populations

(1) Mangrove forcat '
Trees wore ki l led: "20 years is a conservative estimate of the time 'needed for

this forest to return to its original condition" (pp. 40—17).
."There has been a steadily incnvasing fish catch." [This .-•ncrge.sf.s that in man-

grove areas] the acjujtic food chain has not been. seriously disturbed'' (p. 4S> .
"It is reasonable to assume that there has been some reduction in bird nvj.ula-

tion" [but proportionately loss than tho ratio of area treated to total area]
(p. 40).

"Kffects on other forms of animal life are unlaiown. but surely the popi Ration
of invertebrates jn particular has been reduced." [Hut wot to the point of' ' ' '

"• - (2), Semidccl'iluoua forest . ' - • ' '
Actual area treated is S.140 square kilometers, plus 4€rt square kilometers of

mangrove forest: this is 10.2 percent of total forest area. Of this, about 10 percent
'was treated 2 or 3 times. Area studied had been retreated mn-it intensively.

[However, this was the dry season, and "there could not have been :\ wor*e time
to assess the ecologic impact" on semideciduous forests.] For single treatir.cnr.
no "great or lasting effect" was found, but multiple treatment would liavo •'.•» far
'greater effect," '[There is l i t t le knowledge about relative susceptibility <-l' tf>rvfi
species in Vie tnam to herbicides, or about natural regeneration in tropical

.forests.] (Pp. -10-.-.3.) :
"The greatest danger resulting from repeated defoliation treatments in Vietnam

is that such areas \viil be invaded by bamboo" (p. rifi).
"Tho greater the number of lierbicid.'il treatments the greater the harm to

animal populations" (p. &S).

Tho report on herbicide toxirity repeated the fitulitip* rollcvted by.
the Mill report respect in<r 2,4-1) and 2. t,'>-T. It found "no syneririi-tic
toxicities" in animals as a result of iisim;- these- mixtures. However, tin-
effect of "orange" (a combination of these two herbicides) nii«rht be
fatal to fish under some conditions, although."there have l>ven no iv-
ports of fish k i l l a t t r ibuted to herbicides." With respect to
acid, it was "currently boii iff employed at a vute no hif jhor than O.."/
pounds per acre, [and accordingly] it is safe to assume that there will
bo no harm to man or animals at tlie.-e use rates. Tlie hijrh tolerance of
rats, other laboratory animals nnd tish to this herbicide pla< '«» it in a
safer category than h'erbicideoran^e. With respect to pu'lonuu "white"



4 was not to b^Mhssidered toxic or hazarctous to luunans, animals or .
>f--h at the use ^^^ieing employed in Vietnam."
-;| The- report c^PR-bicide persistence in soils and water identified
jleloram as the most persistent. However; "In Puerto Rico tests, the
|iKmnt of chemical remaining 6 to 12 months after direct application

--.'•vji the soil of picloram in amounts four to six times greater thantlsat

* VD L.UHUI iiii. vi ui uciui t>uv;ui m^ icoio uii r>uno AI VMII ^» v AW » ii
jjrovinccs taken from'1966 to 19G7 defoliation targets, no persistence
;:|f herbicide, was found 11 to 17 months after single and double ap-
plications of white." Agent orange was not persistent in soil, and the

-.;-J!t-'mk"\ls "disappear in 1 -to 3 months at the rates of application
"fj.-ed in I?VX." Agent blue was "rapidly absorbed and inactivated in
'I'ils" so that "susceptible crops can be planted directly in soils witliin

I
' fevr days after application of eacotlylic acid at rates greater than the
gallons per acre, used in 11VX."
The. reception among '''concerned" U.S. scientists of the data released

t Saigon by Ambassador Ellsworth Bunker's interagency committee
•as not well documented. Dr. Barry Commoner called it "pretty bad."

. The conclusion I reach [Commoner is quoted P.S saying] Ss that the people
.isho distribute the defoliants don't know what they are doing. If the. evidence

1
s ;'.s gathorc-d from, the air the damage must he-pretty had.107

The interagency study received comparatively little mention at tlic
> A AS meeting in Dallas, toward the end of the year. In particulai*,

':l|>-. PfeifYer, who had been insistently calling-for a field study in
•|'ietnam of ecological effects of herbicide use, appeared not to regard
ft';---; Bunker assessment as meeting Ms requirements. ' •. •

yj ~f> tied Nation* A ctiorm After A ppeal from A A AS - ' ' .
| Two actions with possible relevance to the AAA.S request did occur

. |:. thf. United Nations in the fall of 19G8. One was the adoption \vith-
'I'.it objection by the General Assembly of a resolution that proposed

Jo convene in 197-2 a United Nations Conference"on Human Environ-
,;|;ent. In advance of the conference, the Secretary General was called
4.-1 to submit, a report concerning—
.-1 (a) The nature, scope, and progress of work at present being done In the
if field of hnrnnu environment;
,;i ( f t ) The main probU-ms facing developed and developing oountrios it* this
»| area, which mi^ht with particular advantage be considered at such n con-

•j| ferewcc, Including the possibilities for inerwxsetl intornational cooperation,
,ls especially as they relate to economic andjsQcial development, in particular
- j of the developing countries; ' •-
J| (c) rosslble methods of preparing for the Conference and the time ueces-
•'-| fiary for such preparations;

(rf) A possible time ntul piuce for the Conference;
(n) The range of financial Implications for the United Nations of the

holding of the Conference.""

M "It's still 'no* on AAAS ttfortu to luunfih Vietnam ecological murvny;"'Scientific
>*ff i reh (Oct. H. lOHSl. p. 10.

'•'" Gcnornl A«»"'mlily Hi-Kulu t lnno , Z.'tn! ri'vrulnr sdsHlon. Resolution niloptfxl 2.W.S (XXltl),
''"•r. ?,, 1IK1S. n.'i.lnl plenary mi'^tlni*. In coinmcnt nn t l iU nrtlon, Sciuttor Milsklo, Apr. 3,
:• i-!nrc.-l Hint "Thi> nntloi iK »f tin- worlil must. ilvv^Iop coolrmlrul t'onscli-ni'i'a, nn nw«r»-npsa
:i:tf WP KTf nil n part of ,1 tiltiKlt ooosyntcm iltsvclopcil OVi-r con« of tlmi>. Our nltcmllon
f lliat tfiroHystcm [iii t t i n lu-nvy rcsponslltltlty on »n:i» to nuinn^fr f h c n n u l l t y of tin* environ*
in-lit to nsstiro his own u n r v l v i v l nml tlio surv iva l of tlioso otlii-r spocliiH c K H o a t t u l to lEfc on
.irth." II- oSiTi-iJ n ri'xolutloh (S. Iloa, 170) t h u t the United K t n t c B Blionlil artlvi-ly Hut>l<ort
ni! pftrtlM|iiit« In Kiich n ronfeti'licc-aiKl assist in HH formation. (ConBrcKKlonnl Itrcord.
'.pr. 3. lOHa, pp. S:«30-S3531.)'

Tlio other TJ.N. action was an Assembly resolution that, •onion'.; other
things, called upon the Secretary General to "prepar^B^icise. Re-
port * * * based on accessible material and' prepared v^^^Bu £i.-?ist-port * * * based on accessible material arid' prepared
anco of qualified consultant experts" concerning "vari "pects of

position _ „ ____ ____ . . ..
warfare, including herbicides, hud been de=-;ci-i)K;d to -the U.X.
Assembly, December 5, l%f>, by.San'iuel M.. Xubrit.'U.S. A nibaHHador to
the United Nations. He said"the U.S. dclugsition would support, the
U.N. endorsement "of the Geneva protocol of 102"). As uncler.-.rood by
the United States, the Geneva protocol of 1025, he said, "prohibits
the use in war of asphyxiating and poisonous gas and other similar
gases and liquids with equally -deadly eil'ects." However, "* * * the
protocol does not apply to herbicides,' which involve the same chemi-
cals and have the same eil'ects as those used domostica'lly in the United
States, the Soviet Union and many other countries to control weeds

.and other unwanted vegetation." uo

The AAAS Board of Directors invited to its October meeting, for
the discussion of the herbicide issue a number of persons involved in
this issue in or for the Department of 'Defense.111 At this meeting, a
public symposium >vas planned for the annual meeting of the a.^ocia-
tion, to air views on the MRI report, the Tschirlev report in Saigon,
and other aspects. Dr. Pfeiil'er, who had apparently not been. ~ati>f;t-d
with either the MKI report or the. subsequent Tseh'irley nvestigatinn.

'a few days after the board meeting, oll'cred to the Committee on Coun-
cil Affairs a resolution that- the. council ask the committee ou.i'nvh-oii,-
mental alteration to appoint a subcommittee to conduct the. field study
called for in the board resolution adopted the previous J une.
Renewed AAAS Appeal for Field Ecological In-i-e tf

When the AAAS membership convened at Dallas, at the close of
' IOCS, the status of the controversy over military use of herbicide.-? in
Vietnam was as follows :

Tho Department of Defense had released considerable technical in-
formation assertedly relevant to its conclusion that no "seriouslv ad-
verse consequences" resulted from military herbicide usage; and had
given assurance that the assessment program was continuing.

The AAAS board of directors had urged specific reductions in the
program, and had not revised this recommendation upon receipt of
DOD information. .

i" Gfiifnil 'ASKomlilv HcsoluUons. 2.1r<) rcpilar session, Resolution Adopted
24.ri-t-.\(XXlin. t>cc. ^0>, lOC.S, 1750th plenary inc-et inj r .

no Representative Robert Kn&tenwi'l i ' r , Sept. It, IP.V.*, liail pruposeil n rc-xolutlnn (U.Cnn.
Res. -lail) that wmilil renlllrm the "lon^stiHiilhii: pulley of the Vnitisl stnt«.s Uiat In th»
event of wnr the United Ktiitex Hhull under no rlrrunistwnecu resort to the u-"- of h'.nlc'glcal
-weapons or the nse of poisonous or (noxious) t'lt-^'-'s unities they are I'r^t usisl by" our
pnemleK," Both the Department* of Ktute nml ivfense opp«»i'd pnnRnw nf this renoluttoti.
However, 8tnte'» opposition was based on tlie propusltUm tha t It was r m l u n d n n t h'H^iu-'e
the U n i t e d StiHon WUH already romti t l t to l to n- fn i lu from the use of fonv of any kind
In a nini iner contrary to the charter of the fnl t i -d Rations. I)i iparti«fiit of ivfi'ti".- oppi>>l*
tlon WIIB Also bused on (he fu r the r conslderii l ion tlmt other coimtrli-s were nctlvely smr-
milii); programs In thin Held, nnd the propo-od ri-solnilon would posslhly "lutnxliji-e un-
certainty Into the neeessitry tiliinnlnt; of tin* Dejiurtrneiit of iN-fen^e In freparliij; to meet
ponslhle luiHtlle uetloti of all kinds."

"'Them' WiTe: Mi'SHrs. Rodnry NldiolR nnd A. K. Hnywnrd ttf the Office of the Piroetor
of Defenne ReseureU and Kngluecrlni; • find Dr». Mlnar lk and Tuelilrley.
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I AAAS liadJJ^unable to find a way to enlist the. resources of the
T'.X. iti the cd^^Bof an on-the-spot study; the study performed by
1i >OD at the inlHIce. of the AAAS had been limited to the open litcra-
-| uro, and had'not involved the collection of onsite data; the State I)e-
J v.u-tinc>nt,'ri release of data in Saigon had not, quieted those who sought
jf'i'.sUo data. . . ' l|f

I Accordingly, in the annual meeting of the. AAAS Council, m Dc-
$v-.VH-r lOr.S.tho board of directors announced that the AAAS "would
|; .-..-* icipate in a study of the use of herbicides in Vietnam." An account
•'*;>: t ';! t« council's msponse to this announcement. carried in Science, was

s follows:" . '
In a. heated meeting in an overheated room on Monday, the hoard's inclusion

;" Vii tnam in its original resolution was challenged by cotuieil members. TLe
stack was oix'iied by .Tunics U. Ross, representing the Xatun; Con.sorvancy, who
.\u that tin- hoard should concern itself with other environmental hazards and

$='..>;;'.d not single out Vietnam. A resolution expressing the agreement of the
|e..-;r;.'-i! w i th the sense of the board resolution to conduct a study of the use of
}!';•. •.•-!• ifides in Vietnam, but advising changes in the language of the board's orig-
..-Jir.:;! resolution so as to delete mention of Vietnam, was passed overwhelmingly.
$!:> pussinij such a resolution, the council was taking' a iwsition similar' to that
.;|;̂  .;.ted at rhelOCG AAAS meeting in Washington, D.C.
;-?| 'in accordance with this advice from the council, the board revised its resolu-
:?.i i\<--n to read as follows :
1 •it is the sense of the board tbat the association, looking not only to tlje effects

r.hc wartime use of herbicides, but also to tho .opportunities for the peacetime
<>::struetion of the agriculture and economy of Effected areas :

.-•!• ill be1 a purpose of the association to bring into
';•• field study of the potential long- and short-tomn

• . 'h" areas affected; • • " ' .
i •• AAAS staff to convene, as soon as possible, an-SMl1'
.-creation of interested national and •international

organization.-! to prr-pure specific plans for conduct of such a field study
r.d with t!ic exiK-<;tuHon that the AAAS would participate in such 'a study within
.-.• rvjsoiiabU- limits o f i t s resources." "2 • . . • . . ' • .

The article went on to note that "At the Dallas meeting of the AAAS,
.. V,'. Pfcifi'or of the University of Montana introduced, before the

' (1) Determines that
rig the mo-t effective p1'1
•'•.•jfical risks nnrll ionefir .-
" i 2 i . Sjvcilically directs t
•• pv.u;> involving rf-pre

Yhv-re were also papers on tho possible ecological consequences of the
;:-<i of herbicides in Vietnam presented at si meeting sponsored
i 'Mi i t l y by the AAAS Committee on Science in tho Promotion of
FFmntin Welfare and the Scientists' Insti tute for Public Information.
• The technical papers before the joint meeting were presented by
Dr. Tschirlcy, "Dr. P.ovsie K. Day, professor of plant physiology and
:iH.-.ociato director of the experiment station, University of California
f Riverside), Professor Galston, and a panel discussion with questions
from i\-.f: Hoor. . ' .

Dr. T.-<-h iriey, in his prepared statement, covered essentially the
:-:i7ne. matt-rial a:-; in his Saigon report. T)r. Day stressed TT.S. domestic'
experience, with herbicides—noting that some 100,000 ̂ rganic com-
lounds were synthesized and tested annually as herbicides, 125 were'
icing marketed, and about 50 we.ro in quite "extensive use. There wasb

I'T.rycp Ni'l-ion. "ITorhlrl.Ji-a -In Vietnam : AAAS Board Seeks VIM Study,"
(Vol. lfi:i,.Jfon. ,1, 1000), p. K.H. ' . ,
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no relation between herbicidal effect and mammalian t^^ity. The
hazards to vegetation included "failure of selectivity/i^^^nges rh
climate, soil, rainfall," and "migration of the herbicfdcJBHprikT.site."
In the United States, he said, tiie use of herbicides was •unduly regu-
lated." _The primary discoverer of a herbicide develops toxicity in-
formation, develops use information, and supplies this i n f o r m a t i o n to,
an agency of the Government in support of a request; for registration.
Tho label, in this trade, he said, was "a sort of a holy document/' To
obtain the label involved some'$:> million of laboratory and Jit-Id re-
search and up to $G, -$8, $10 million i n ' f u r the r development. (The.
implication of this presentation was that before herbicides found
their way into military service, they had received an abundance of
testing so that their properties were rather precisely known.)

The presentation-.by Professor Galston took tlie opposite position.
He acknowledged that 'plant regulating chemicals 1md been a "really
brilliant' contribution." However, the "use of any chemical additive
carries with it certain dangers." While peacetime society "has safe-
guards of such use," he warned that "Under military and especially
under wartime conditions these restraints can he an autocatalyti'c
process leading to still further transgressions and that it is in this area
in which a signal lack of restraints currently bedevils us. and alarms
some of us.".He wjis critical of the "bland reassurances" of Defense
scientists as to the nontoxicity of military herbicides, and declared that
in view 'of the "great stability*' of picloram, its use presented a real
hazard of long-term damage to the ecology. "I suspect that great

•damage will have been done," he said. lie voiced again his earlier
apprehensions concerning danger to microorganisms in the foil, latent*
scat ion, and massive erosion from monsoonal rains. Then he warned:
"We are continually investigating new chemicals for military use.***"
Moreover, "The restraints in this area and the rules governing the
introduction of new weapons into warfare constitute a very great
danger for all of us." The initiating action, under combnt conditions,
is taken by a military oflicer. There is a clearance procedure, he con-
ceded, but it was not as'precise and absolute as with the "big bang
weapons." Then he concluded:

I believe that, we have restraints built into our warfare situation n
the bifj bang weapons. We know that, nobody may use any nuclear device in war-
fare unless the President of the t'nited States authorizes the pressing of that
button. With regard to the chemical agents, the restraints seem much looser and
it seems to me that . practices that are being conducted in the name of thf
American people in Vietnam in the way of killing vegetation at the moment
have not been subjected to the same kind of searching and restrainiuir curiosity
that r personally would like to see. What about the new wcai>ons that are under
development now? Who is going to exert control over the use of those? If. for
example, a decision Is made to kill rice, which feeds [validations, as a weai«>n of
war, why, then, report to the use of chemicals which have to be sprayed by air-
plane time af ter time with the (lunger to the pilots » * ». Why not use an
organism to do thisV • '
- Tho panel discussion highlighted some of the dillicuitie.-; the
entists were encountering in achieving a coiir-viisus in tho «*-i»«"<mont
of herbicides in Vietnam. A condensed sampling of the- dii-vussion is
us follows:

Dr. Commoner: Expnwod concern over u n a n t i c m n t o ' t biological
hazards. Were there anv? Were they anticipated? What steps, were



taken to sco t!
this report p

Dr. Day:
break down

were anticipated? What was the relation between
port) and their military use ?
ow a great deal about, herbicides. Piclorant <does
soil. There have been some 10.000 pupcrs dealing
n * ir\ _ _ _ ! . : - i_ - c. AI - LL., . . p t 1 •with the, effects of 2,4-D, which comes from the "stone age of faerbi-

cides." • • • ' I ' l l ' ' ' '
Dr. Margaret Mead: "We are, talk-ing about a variant of the "scorched

earth policy." Today, there is a "new ethics"—it is a now thfrag to
worry about the weliarc of an enemy. We arc beginning to realize that
we are living on a planet—"a total system." Yet, we. have a'tendency:
to-worry about smii-1 i?sues. " ' ' • .

Dr. Day: ';I admit that the world is run on incomplete knowledge.'*
The MKI report gave little coverage of much of the practical liter-
ature. "The thing was prepared in GO days by people who know not/lung
about herbicides."

Dr. Commoner: "The public revelations about this problem have-
been characterized by * * * quick and poorly conceived responses
to jabs of criticism made by concerned scientists." He referred to
Dr. Tschirley's survey as a "30 day quickie look in the dry season/''
What was needed, he said, was a "long-term continued investigation."'

Dr. Tsehirle.y: Was in agreement, but who would pay for it? Could
it be made a part- of the activity under the international biological

l:.-ined that the "ecosystem approach" had fit* been
•>' much communication between ecologists and
re was a need to get together with tho people- who

•-. There was a great deal known about these, in the
'.ould admit we need.more ecological information,-.,
;ter use of what we already know. We know, very
us in any sense. • -. ' • •
;-:«! a question about the metabolism of cacodylic .

i:c:d. and the availability of information about it.
Dr. Day: There was "so much arsenic lying around in nature that

r',3 very difficult to sort out the little bit that Ave're putting into the
s-.'.-.tem." The effect-of arsenic deriving from cucodylic acid applica-
tions, he said, was "trivial." Agricultural applications of arsewicals
amount to as much as 400 to 800 pounds per acre, whereas cacodylic
cieid provided only something like 1 or 2 pounds per acre.

Dr. Hoi ton: Expressed concern over the use of an incomplete body
of scientific knowledge as the basis for action. He stressed the limita-
tions of the scientific support for policymaking. Nevertheless, he roc-
••v_rni2e.'l, policymakers have to act. Their decisions, though, should not'
v-- i made dependent on limited scientific knowledge—scientists should
::i-/fc bo made- responsible for political decisions taken on the basis of
such insufficient knowledge.
Apparent Reduction in AAA8 G'oncarn Over IIfMidden in JOG-9

One action in response to the, new council resolution was tnloen bv
Walter Orr Rolxirts, who had retired us AAAS president, to Ixeoomc
Hiuirman of the board of directors at the close of IOCS. Ho \vrot«> tho
^vwtary of State, January 10,^1900, on behalf of tho Assonatum ''to
request your assisianco in making certain that, as soon as conditions
permit there will be undertaken a comprehensive study of the eco-

program: Jrie com
clone; there was
other scientists. T;
work with pest!•••
United States. W
But vre can mak:/
lir;.!--about ecosyst.

Dr. Galstori:*]*:

logical effects of th& use of herbicides in Vietnam." Dr. Roberts ex-
pressed the Board's gratification that the State Deps^Bfclat/hac}
"adopted the recommendations of your consultant, J|^Mchirley
regarding the need for ecological research to be ctirrisWPat," and
said: "We also understand that there_is, from your Department.
a recommendation for the adoption, prior to the cessation of com-
bat, of a policy of defoliation in strips as opposed to big area defolia-
tion." Finally, he ofl'ered the support and assistance- of AAAS in
preparing for the recommended postwar assessment:

I am sure [ho concluded1] that our board and'our council will enthusiastically
support those stops to control the use of defoliants in Vietnam, and to assess the
long-term ecological consequences of. the defoliant usage of the past. Thy AAAS
will be very Imppy to help in any way that we can. As scientists and citiz'.-rw, v.-n
sincerely hope that the steps approved by your Department and our Embassy in

- Vietnam will be put promptly Into effect. We will be very pleased to help to plan
or to organize an appropriate ecological study that can be conducted in the field .
after, very hopefully, tho hostilities cease.10

By the end of June 1909, it appeared that the AAAS had virtually
exhausted its initiatives. The association had'obtained assurances from
the Department of Defense that herbicide usage would be continually
assessed. A general policy had also been established that there should
be no long-range and seriously adverse consequences of such usage.
.Both tho Departments of State'and Defense had promised support for
a postwar ecological investigation of long-range consequences of the
military use of Herbicides in Vietnam. The United Nations had agreed
'to sponsor a full-scale international meeting of world scientists on

•environmental quality. The issue of chemical and biological warfare
had been referred by the General Assembly to the iSth National Dis-:
armament Conference in Geneva for consideration as a part of irs per-"
manent. agenda. Technical cautions had been expressed by the AAAS
board concerning the treatment of large areas or blocks of territory;
.the issues of bibdegradability, toxidty, heavy application, and re-
peated application had been made publicly visible.

On tho other hand, the operational role of the AAAS in making
-ready for long-sought postwar assessment had not yet been defined.
Although pledging its support and assistance, the board and council
had taken no steps to mobilize AAAS resources for this purpose. A
substantial membership roster had been recruited for the new AAAS
Committee on Environmental Alteration, but the staff of AAAS
Jiavo made, clear that it was not expected to spearhead the Ouort.1 '-4

«5 ln oommntit on tlic olrcumstancoa loaillnp up to the pnn>.irat!f>n of Wnl t f - r Roberts
letter, DMO! Wfilfte notM that "Uls<'.\i*»lon« Hobi'ctH had with I"''1!'1"-' in ODDK.'iT: in tl:«

Itiiinciliutcly fo l lowlne [the I(i):>rtl nif 'tliitf of Doci'mher 1V01*! IM! him to

Thcoiiorp"C.>"ltyoriy", Ailiiiliilstriit'or.'Oooiu'riitivi? Stnh> U'^caroh Scrvii*, I'.S. IVoi_i.iftmi'nt
of Acr l i ' i i l t i i r i - : . Dr. John K. <.1untl.>n, I'rof.-ssor of Kc««lnK.v. >Ii(rhl ;rau Suite

fiinrmncoiuKy. t;onii'il umvi'ruiiy i-inii'co or -Mcuiruic; IT. ^nuiii .•;. ...i....<..., ..•,.
of Chi'iiili-nl Ki)«ln(MTli i ( f , City ColU-fie of the City. Uolvcrulty of >ew iotk ; Or.
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"here was available no indication that its future program would
hide the. d^ign^B^fcologieal survey of herbicide efleets in Viet-
s'l, or eveii'the d^^^Htnent of criteria that such a survey would need
jarisfy. It reniaimiKo be seen whether its membership could pre-
.•ehoth s tabi l i ty of leadership and forward momentum.
n comment on the status of the'AAAS action on postwar exaralna-
i of the ebnsequeiu'es of herbicides use in Vietnam, Dael Wolfle has
Gained that at the board meeting in April 1009, there- had been no
ly to the let ter f rom Dr. Roberts to the Secretary of State, but the .
ird chose, to wain a l i t t le longer. The State Department still had Jiot
lied by the r ime of the June meeting, so the board felt it necessary to
irn to its December IOCS statement. Accordingly, the AAAS bourd,
lint t ime, began organizing a meeting of representatives of national
t international .-•.- ;entific organizations to begin planning the iwom-
nded field scudy. De. Wollie noted that both the State, Department
1 the Cilice of Defense Research, and Engineering were on record as
irnving the idea ol' a substantial field study. lie expressed the la ope
t the proposed AAAS sponsored meeting would get this study
ler way.115 . '
Pfcijfer's Volunteer llcrliicide Asscsxm-eiit Expedition

l;e originator of the motion that had involved the AAAS ira the
bteide. controversy. Prof. _E. W. Pfeiffer, of the University of"
ntana.had persistently called, throughout subsequent developments,
an objective, authoritative, on-the-spot examination and analysis

;he ecological impacts of repeated application of herbicides mili-
f purposes. lie had been frequently quoted with reference to the
vious attempts at assessment. The 'MRI study was a "snow job'5-; •
S:ugon assessment too general. In October 19GS, he still sougM a

:! study: - .
'here there's a will there's probably a way [lie was quoted as saying], !<-an-
bi'licve tha t there is tha t much fighting going on in the areas affectc.'-d by
)if:iflf.«. Sonic things could be learned and some knowledge is better t lutu no
ivledge, which is our situation now. Simply from conversations with South
n.'uaese biologists and French plantation owners on the scene, valuable Jufor-
ion could be obtained * * *. Already, some European scientists have liteeu,
North Vietnam, into the battle zones and have pictures of defoliation
:t^'-s

'he AAAS resolution in December lOfiS, calling for a "field sfauly
' l ie potential long- and short-term ecological risks and benefits of
bio'idf- user' was at tr ibuted "to the dogged persistence of; AAAS
;ib»'T.s such as PfeilTer and of some, members of the boanU'"7

Pfeiti'or had also been active, during 1908, in a t tempt ing io arouse
:ivst. in having a survey organized under the sponsorship of the
k-ty for Social Responsibil i ty in Science (SSRS). In this effort
v;is supported by Frankl in Miller, Jr., of Kenyon College, GamJbier,
:o, and vice president of the, society. Miller was reported as saying:
hen the war ends it will be of the utmost importance to restore (ho
d t i c t i v i f y of the land areas in the combat zones. It is an urgent task

r.-'ttf-r from Hr. r>:ifl Wr.lfl* to U. A. Carpenter, July 10, Sflf lO. Op. fit,
"It's f t l ' t *n<">' f-n A ^ A S «-lTortR (o I n u i u - J i Vl i ' tn . i jr t f^olo^'l^jtl f»urvf .v ." <>J>. c l t . , p. 10.
»ry<-c Nrlhori, "HiTblrlrti-H in Vietnam : A A A S l««n in l Sfi.'k.H Klclil Htndy," i>v. clt.. g>. f>8.

gather the necessary information as a basis for sensible and prompt
;tion." Accordingly, his group was "* * * * seeking ways utfMLrlcli;
l revive interest, in such an investigation."1"1 Even before tl'^^^Bv.S

'
, .

n in December 19GS, Dr. Pfeiil'er had annotmced his
of conducting a reconnaissance survey in Vietnam under the auspices
of the SSIvS. According to a statement in the newsletter of the society.
"the trip should produce valuable information and may serve, as a pilot
project for a much larger investigation into this field long overdue
for scientifically trained observation." The plan' for the survey was
described as follows: . ' ' . • ' . . .

I. PUIU'OSKS .

(a) To s t imulate awareness nmons scientists of the need for :ui intensive and -
long-term study of the effects of military usi's of chemical agents in Vietnam.

(ti) To demonstrate the possibility of obtaining meaningful information even
with limited funds and personnel.

(c) To obtain from Vietnamese .scientists information related to the military
uses of chemicals in Vietnam.

(il) To obtain samples of foil, water, plant, and animal tissues from treated
areas for analyses to determine levels of contamination by different chemicals.

(c) To determine effects of defoliants and herbicides on anininl populations.
(/) To make a eijiematogrnphic record of areas in Vietnam that hiive been

treated by defoliants and herbicides.. • .

• •' n. JLEIHODS
(a) Interviews with Vietnamese scientists and officials of such organizations

as the- National Committee for the Conservation of Xatnre in Vietnam,
(It) Examine hospital records vitli ix-ference to patients .suffering from ex-

posure to war fjfises.
(<;) Collect samples of soil, water, plant, and animal tissues frouj areas exposed

to chemicals... Analyze, these samples, at .'laboratories in the United States to
'determine concentrations of chemicals. " ....... ' ' ' .; - (<?) Estimate' population of different mammalian species in chemically treated
areas and in ecological similar areas not treated b;* chemicals. Use standard
small mammal or bird population sampling technicuies.

(c) Make 3(i mill imeter motion picture records of the areas in Vietnam that
have been treated with chemicals.1"

It was not evident that this ambitious plan of investigation was
feasible in ''a 15-day incursion into a region of actual combat, by
two zoologists, one specializing in the evolution of vertebrate social
systems and the, other interested mainly in the renal physiology of
mammals. lOven wi th the assistance of the Department of Defense,
which enabled the two scientists to fly defol iat ion missions, hispoet
defoliated areas from gunboat and helicopter, and converse wi th
biologists in Saigon, their findings were necessarily largely based
on quali tat ive information and hearsay. Much of it was economic
information about damage being claimed by managers of rubber plan-
tations.

Professor Pfeill'er, accompanied by Prof. G. II. Orians, o f _ t h e
department of zoolology, University of Washington, Seattle, visited
the Republic, of Vietnam, from March 17 to April 1, l!X'>i>. pursuant to
this plan. They flew defoliation missions, and observed the effects

lit "Ciiomtonl Hi i rvcv !u Vietnam plumiuil by milvrrslty nnil indus t ry scientists," Scientific
cwiiroli, A U K . r>. lOHs., i>. in.
"" .S.SKS Ni'W.sk'Uer, No. 1!)4, NovomhiT-lVci-mbcr IOCS, p. 1.
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by r iver patrol boat in the Mekong Delta.

jj£ report, April G, they noted:
n programs had been reduced to about one-third ©f 10G7

protective cover was being maintained at about its 10G7--

Crop
level;

Defolint'
CS level:

Agent white (pidoram and 2,-1-D) was being used much more, extensively
in the central highland than previously, because of its low volatility*;

Bird life in the ''Saigon Kiver Delta" had apparently been greatly rotduced ;
2\o adverse etTeet from toxioi ty against mammals was noted frouu agent

blue (caeodylie acid) ;
:f Accidental, defoliation ''bad been very costly, and is a factor in the greatly
| reduced rubber production in Vietnam:"
.), "We determined from conversations with U.S. AID experts that tlhe de-
;-3 foliation program is a potential threat to the forest industry of Soutlh Viet-
^ naia" such that multiple applications "may kill approximately 00 {percent
»i of commercially valuable timber in defoliated'forests."

•JJ '•* * * A great deal of accidental defoliation of f ru i t trees and vegetable
,-t, gardens has occurred as the result of drif t ing of defoliant and from jeifctison-
»j ing entire loads of defoliant because of aircraft engine failure;"
•i The peculiarity of a guerrilla war, without battle lines.or secure territory
a and fixed military targets, inherently results in an effort to increase ffiatali-
-| ties, deny resources, and deprive cover to the adversary, which is destructive
1 of lives and ecological communities.""

\| In the press interview in Isew York upon his return, Professor
'pfeiffcr expanded somewhat on this report. He observed that lit was
;j'cornplctely unrealistic" to expect military commanders to abstain
Jirom defoliation actions. "There is no question about it," he' sa:id.
j-'fhey save American lives." On a 65-rmle journey by armed! iboat
Ji rom Saigon to the sea, he said, "We scarcely saw a living" plant." Mow-
|,:ver, he added that had the vegetation not been destroyed, he arad his
-'companion would probably not have returned alive,"-121.' • .-' - . -

;:. v;. Ffeiffer and G. H. Orlans. "The Ecological Ejects of the Vietnam \T,"ar: A
-;aciry lie-port." (Society for Social ItcsponsIbiUty lu Science, mimeo, Apr. 3. 3.000),

':--ii;*r Sullivan. "Zoologist, Back From Vietnam, Notes Defoliants' Value and; 'Toll."
/--.rk Times (Apr. 4, 1909), p. 5. • . , .. .' . . . ' .

V. CONCLUSIONS AXD OB^.RVATIOXS

Initial, development of herbicides had been quickly r^^Bzcd in the
United States, after World War II, as having enoil^HJfavorable
consequences for agriculture. Although their developnWit had been
hastened as a part of the scientific effort supporting the war efforts,
and a number of new chemicals of unprecedented potency as herbi-
cides resulted from this wartime program, herbicide.s had long l^en
used commercially in the United Si ates. The rapid adoption of the new

• chemicals into agricultural practice as weed killers was facilitated by
the. highly technological diameter of .U.S. ' agr icu l ture generally.
Chemically defoliants were closelj*"compatible with farm practice nrul
yielded important economic gains through increased farm produc-
tivity.

Reassessment of the complex secondary and long range consequences
of wide-spread usage of commercial herbicides was intensified after
19G2, when the Carson book, "Silent Spring," dramatized the possibly
adverse effects of pesticide usage. As more information was accumu-
lated about desirable and undesirable effects of the new chemicals,
tho initial-emotional response stimulated by the book was tempered
by a more objective realization that herbicides were both potentially
dangerous to the environment and important for human survival. It
became evident thijt active programs of scientific research were essen-
tial to discover as much as.possible about the "ecosystem'*' and the
effects of pesticides upon it. Only by this effort would it be possible
to maximize the benefits, and reduce the. injurious consequences of
the new potent agricultural chemicals. It also became evident that the
•science of 'ecology-was in-its infancy, that-an -interdisciplinary ap- .
.groach'was needed, and that the. various disciplines contributing to an'

. understanding of environmental factors were encountering difficulty-
in exchanging knowledge across disciplinary boundaries.

The initial decision to use herbicides in Vietnam was made by the
.-President of the United States at the request of the Republic of Viet-
nam. Development of the program took place concurrently with an

'enlargement of U.S. participation in the conflict. The program was
•dictated by military'advantage. Its primary purpose was to maintain

• road and canal trallic with a minimum expenditure of lives and man-
power. Its undoubted effectiveness for this purpose lias motivated its

• continuation. The program was init iated despite early warnings that
adverse public opinion could be expected in response to such a new
mili tary appl ica t ion of chemical technology. A positive effort has been
maintained by the military services, in cooperation with Republic of
Vietnam and United States civil authorit ies in Saigon and in the

.field, to counteract the adverse public reaction by the careful screen-
-ing of targets, restraint in the use of herbicide chemicals, arrange-
ments to reimburse victims of inadvertent damage, and f inal approval

•of each proposed application at tho highest available level?. Tho. re-
search emphasis in the in i t i a l stages of the program was on the de-
velopment of herbicides that would 1m effective against the. kinds of
flora actually encountered in Vietnam. Kmphasis was «1so plaml on
tho nchie.vement of tin- speediest possible response—the swi f t defol ia-
tion of tho jungle af ter the application of a herbicide. However, alien-



tioii was also given to the technology of application to lu ininuze in-
adverfentfspi^jug: of unintended targets and to 'assure that sprays
could be dii^^H|efliciently against their intended objectives, with
least waste. '•Hrghout the program, the question of toxicity <of the
chemicals to man and animals was an important concern. Toxicity is
important because of tho implications for "chemical warfare" ;und the
claims of the, Vietcong that many persons had been noisoroed by
aerially sprayed herbicides. Although toxicity has always been difficult
to characterize, or measure with absolute precision, and particularly
with respect to long range effects of repeated exposures, there has-
been much experience, in the United States with the measurement of
h-:-rbicidc toxicity for practical purposes of home and farm usts.

Assessment of the use of herbicides in Vietnam has proved more
complex and di f f icu l t than the assessment of the use of these same
materials in the United csates. One important complicating factor is
the1 controversial nature of U.S. participation'in the hostilities. An-
or! •:- is the question as to the propriety of chemicals as a part of the
t<-•••:. P. ology employed in conflict—the possible, escalation that anight
result from it, and the general desirability of preserving'thresholds
f.-> si;..-h escalation. A third complicating factor is the informal arad lim-
ited nature of the conflict i tself: (1) a number of nations are giving
; • • _ ; : • ' • = ."t to the Republic of Vietnam, and a number of other natiorns are
..'.'. ", : ' - ipport to the guerrillas and the organized forces of the Xorth

;•' : v.=e: (2) specific restraints have been decided upon arad dc-
.-_:.::\•-' 1 >. effect, in the conduct of the hostilities; (3) a large psart of
t::e ; . . • - ; " i l i t i es are conducted within the jurisdietional .limits, iif not
control, of the Republic of .Vietnam; (4) a very large part w>'f the
r -•.-;. of herbicides,, along transportation, arteries, has both military.
:.avar.trigo to reduce the likelihood of ambush and the same gcp.neral
convenience that, motivates its use along right-of-way .in the TUnited
Stares. '' • •

A fourth complicating factor'is the imposition of the restraints of
j : i i tary security over thei flow of information about various aspects
o:" tho conflict, i nc lud ing the use and the cffects-of herbicides.

A series of protests arose among scientists in the United Stages as
r::-_herbicide, program in Vie tnam expanded after 1902. The general
r i t i o n a l e for protests from this source was that since scientists had

<•• n r r i b u f e d to the development of tho new technology of herbicides,
:! -y had a right to exercise some extent of moral or technical sassess-
!-;--.'-.i of tlu-ir use.

Ic. is indeterminate as to the. extent that this anxiety to assess was
'..•ucnsified by the disapproval of U.S. participation 'in the com diet.
However, the fact that annual spraying of herbicides in the, United
traces, since 1905, has main ta ined a level of some 120 million. ;acres
:-• ••_"_'p.sts tha t the greater concvni over the more, intensive. UPC of siknilar
- • •h.u-iilosjigiiiri.st. 5 mi l l ion acres in'Vietnam is motivated in part by

< •• . - i lk-ra t ions 1-f.yond that for ecological consequences. *
A long aiTiiy of specific issues has been raised as questions associated

v.-irh mi l i t a ry herbicide usage,:_ toxicity to man and animals;, syn-
f-rgistic toxicity of several herbicides in combination, or in coidJmia-
t f o r i with oilier^environmental factors, or in interaction with tluc soil,
o:- oilier chemical compounds resulting from decomposition; con-

centration of herbicides along food chains, in surface'water, in
ground reservoirs, in water plants or organisms, in grojlh. 'aU'r,
m the soil; effects of herbicides on timber crop, and rubl
or on food supply generally; losses of domesticated and
fish and birds; threatened extinction of rare species; genetic impair-
ments of animals or plants; encroachment of unwanted species on
bared areas; mass destruction of sensitivo_ vegetation (e.g., mangrove)
requiring decades to recover ; and possibility of hiteri/atiou of exposed
jungle soils. . '

In an effort to distinguish military from civilian use. of herbicides
attention was drawn to .the asserted greater intensity and more fre-
quent application of defoliants to achieve military objectives, the
moral issue of crop destruction, and the question as to the propriety of
using chemicals to expose enemy personnel to attack by conventional
weapons. The question was also raised as to the military ability to
exorcise due restraint in the type, amount, and 'frequency of herbicide
applications.

The annual meetings of the American Association for the Advance-
ment of Science provided an opportunity for the scientific politiciza-
tion of the issue. Once the council of the AAAS had adopted a resolu-
tion bearing somewhat on the relationship of herbicides to the human
environment, those concerned with the use of herbicides in Vietnam
continued to keep Jho question of this war use alive among the. mem-
bership and the leadership of the association. An attempt wn-> made
to separate the thorny political question of military heroic-ides from
tho broader but less inflammatory technical issue of "environmental
alteration." However, when the board of directors of AAAS attempted
to develop a position on the military, herbicide is.sue, it- was able to -
agreo substantially on only the one. proposition that the long-range
ecological eil'ects needed, study.1-- However, the board of directors
did not speak with a single voice, but with five. The e fleet of its dilVused
expression of views was doubtful. All parties were agreed as to the
desirability of learning more about the long-range ecological ollVcts of
intensive military use of herbicides. But the AAAS board of directors
had not assumed leadership in defining what form this assessment
should take. By June 19G'«), neither those who favored nor those who
opposed defoliants in Vietnam had given a clear indication as to what
'tho ecological questions were nor how the}' should be answered.

A number of observations can be made on the record of this assess-
ment. process. One. is that a large federation of scientific soeiecies l ike
tho AAAS can provide a valuable forum in which to discuss issues of
great public moment. Tho annual meetings of tho AAAS bring to-
gether from nil over the United States scientific specialists from many
disciplines. An opportunity is provided for those in each individual
discipline to exchange knowledge, and also for the valuable cross-
fertilization of interdisciplinary discussions. Issues that rife_ out of
this intellectual ferment, and become recognized by a substantial part
of the membership present at these meetings us important concerns,

'"To bo mm-, It was nlno fmmcu-tint oonn-rniMl nhmit HIP »."e of cnccxlyllc nel i l . f ind »r;.-H
thnt l t n lino bo "miHprni l tMl" unt i l moiv wits known ntuxit HH "f.-itc." lint In .Snlj,">n, two
mont l i t i ln lcr , l>r. M l m i r l k ohurnclcrl/ .ci l I IH t r i v i n l tl io q imott tk's of products of d o u b t f u l
tox l c l tv t lu i t wore l e f t on llni Krouiul frnm 1 1"' > l su o' *" ls difmlcnl. Tlii; game 'Juc ly incut
W U H offered In AAAS UlseusHlonH t l iv ful luwlHf DvvumLicr by Dr. I>ny.



u-.;-e; \ e u> Oo uu-.vh jvriou.sty by the public at large. With (he effective—
if some-times imprecise—aid of the public press, the AAAS is able to
identify'anj^^kractfrizo scientific issues in which tho genera:! public
has a legitii^^^B)ncern.

By the &fflWroken, the AAAS board of directors in its nvore fre-
quent' meetings, and the_ AAAS Council in its formal annual assem-
blies, are able to crystallize these, issues in a form that can'be cocrnmini-
cated to responsible political dccisionmakers. Hoard actions ami (council
resolutions can serve usefully as challenges to existing policy* and as

' demands for policy reviews. Sometimes, the need for specific actions or
' changes can even be made apparent. In the herbicide case, tMs com-
bination of organizational forces gave undoubted emphasis ta> :tho ef- '
forts of the- Department of Defense to keep its own house irl order,
and to anticipate the need for information about its program. Military
reassessment might have gone on in any event, but the persistent ex-
; •••••ssioiis of concern from the governing'bodies of the AAAS maiy have
• ''-ed to make these, reassessments more frequent and more searching.

Another observation is that any'issuc on which there are bofth dif-
:~ - . i l t scientific questions and intense political feeling is unlikelV to be
r-/olved in the great forum of discussion that the annual meetrings of
I'.Q AAAS produces. Even the more formal and structured sessions of
thet AAAS Council appear to be an inappropriate mechanism for the
revolving of such political/scientificjis-sues. And, indeed, tlie relaitively
small and select group that comprises the "legal entity" of theJLAAS
:-; not effective as an instrument for technology assessment.

Tlie question might be asked as to wheiher, indeed, the AAAS or
: •'.-•• of its component parts should be expected to function as a decision-
r. --"ring body on technological assessment matters with a.substantial

i I ' ;ricul content. Can scientist's, any more than other people, connpart-
':. • iralize their judgment regarding'issues they feel strongly sabout?
I •" they ignore tlie political content'and address themselves im pure '
j .' - . - to the technical? • |
I . r/e history of the herbicide controversy illustrates once more the
I i . • :r.-rent difficulty of demonstrating a negative scientifically. Questions
!; - to acute toxicity and ecological effects of herbicides used in. "Vict-
• i- -..'-I were answered for immediate practical purposes. However, clcfini-
j i t ! •••• answers as to chronic long-term toxicity, genetic impairment, and

.•.'ig-term ecological consequences wore not. available relative to> Viot-
|r \ :n any more than they wore for tho United States.

It can probably bo concluded with justice that the herbicide iques-.
:-.."—militan' or civilian—is a part of the larger question of ecological
; 1 environmental consequences of and for man. Apart from tho
;,;cal or normative issues of tho Vietnamese war, tho question w>f tho
•::-orim-nws of herbicide use on the environment is a serious and
.'loiiit on«, but one that needs to bo answered. The moans by wShich

•-. provide the answers are not yet at hand. The fact that all parties
• •••Ived in the assessment have agreed-to look long and hard sat tho

• twar Vietnanip.^', ecology is reassuring. However, tho state «sf tho
•t of the, ecological^ disciplines, and the abil i ty of professional
••oplc in those disciplines to exchange knowledge and under.stan«:ling,

• ill be tested to tho limit in.tho performance of such an assessment.

tary expedience—irrelevant to tho purposes of science—and whore the
results would bo likely to bo clouded by emotional dissonance.



APPENDIX A

DRAFT or PENDING SECTION OF M.AXUAL ox Usn OF HKKUJCIDKS FOR
' . ' MILITARY PtTM'OSKS ' . '

. ' ' ' '
MS SCITLIED BY; DKFAKTMENT OF THE AlllIY

• • Section I.: TECHNICAL ASPECTS
51. General ;

Antiplant agents arc chemical agents which possess a high offensive
potential for destroying or seriously limiting the production of food
and defoliating vegetation. These compounds include herbicides that
kill or inhibit the growth of plants; plant growth regulators that
either regulate or . inhibit plant growth, sometimes causing plant
death; desiccants that dry up: plant foliage; and soil sterilants that
prevent or inhibit the growth; of %-egetation by action with the soil.
Military applications for antiplant agents are based on denying the
enemy food and concealment. •
52. Antiplant agents in use

a. ORANGE. .
(1) Description. Agent ORANGE is the Standard A agent. IT

is composed of a 50:50 -mixture -of the n-butyl esters • of 2.4- D and
2,4,5-T (app_D_a.ncl Cl, TM_ 3-1-215). ORANGE appears as a dark-

. brown oily liquid which is insoluble in water but misoible in oils
such as diescl fuel. It weighs about 10.75 pounds per gallon and be-
comes quite viscous as the temperature drops, solidifying at. 4 ~ > ° F.
It is noncorrosivc, of low volatility, and nonexplosive, but deteriorates
rubber. . . ' i I • '

- (2) Rate of application. The recommended rate of application
of ORANGE is 3 gallons per acre. This may vary depending on the

. typo of vegetation (app C). In some situations b'etter coverage may
bo obtained by diluting ORANGE with diesel fuel oil, which results
in a less viscous solution that is dispersed in smaller droplets. Dilution
may also be required when using dispersion equipment which dot\s not
permit the flow rate to be conveniently adjusted to 3 gallons per acre.
See discussion of application methods in paragraphs ">" and 58.

•(3) Effect on foliage. ORANGE penetrates the waxy covering of
leaves and is absorbed' i n fo the, plant system. Tt a fleets" the crowing
points of the plant, resulting in its death. Rains occurring within the
First hour after spraying will not reduce the effectiveness of ORANGE
to the extent that they reduce the effectiveness of aqueous solu-
tions. Bmulleaf plants arc highly susceptible to ORANGE. Some
grasses ca.n IKS controlled but require a much higher dose rate than
broadleaf plants. Susceptible, plum's exhibit varying degrees of sus-
ceptibility to ORANGE. TVa tl i of a given plant may occur within a
week or less, or may require up to several months depending on the .

(07)



plant's age. stage of growth, susceptibility, and the dose rate. See em-
ployment? co^flhtatious in paragraphs 53 through 55.

' (4) Saj^^B'ccautt'onJi and decontamination. ORANGE is rela-
tively nontoSBw man or animals. No injuries have been reported to
personnel exposed to aircraft spray. Personnel subject to splashes
from handling the agent need not be alarmed, but should shower and
change clothes at a convenient, opportunity. ORANGE is noncorrosive
to metals but will remove aircraft paint and .walkway coatings. Con-
taminated aircraft should be washed with soapy water to remove the
agent. Rubber hoses and other rubber parts of transfer and dissemina-
tion equipment will deteriorate and require replacement, since OR-
ANGE softens rubber. •

J. BLUE (Phi/tar 560G). ' • '.'• .
(1) Description. Agent BLUE is an aqueous solution containing

about 3 pounds per gallon of the sodium salt of cacodylic acid, the
proper amount of surfactant (a substance which increases the effec-

! t-veuess of the solution), and a neutralize.!' to prevent corrosion of
I r.ii-' ;! spray apparatus. BLUE is the agent normally used for crop
: ik'o:ruction. , .

•(2) Rate of o-pplication. BLUE may be sprayed as received! from
the manufacturer without dilution, if desired. The recommended .appli-
cation rate for crop destruction is about 1 to 2 gallons per acre (app .-
C). However, much higher use rates of BLUE are required to kail tall •
grasses, such as elephant grass or sugarcane, because of the large
i:lasses of vegetation. For hand-spray operations, two gallons of
BLUE diluted with water to'make 50 gallons will give a solution that l

can bo dispersed by hand at a rate equivalent to approximately 1-to'
3 gallons o f pure agent p e r acre. . ' ' • " . ' • . . - • - . • - • •

(3) Effect on. foliage. Enough BLUE applied to any kind «f foil- .
age will cause it to dry and shrivel, but the agent-is more effective
;:L'ain.-;f grassy plants than broadleaf varieties. Best results are obxtaincd
when the plant, is thoroughly covered, since the agent, kills by al/sorp- .

\ tion of moisture from the leaves. The plants will die within 2 to- 4 days .
\ or less and can then bo burned if porinitte.fl to dry sufficiently. Blue in
| low do«e rates can also prevent grain formation in rice without any
apparent external effect. The plant develops normally but does not
yield a crop. Spray rates higher than about one-half gallon per aero
usually kill the crop. Although BLUE can produce relatively rapid
defoliation, regrowth may occur again in about 30 days. Repeated
spraying is ncce.ssary to provide a high degree of continuous plant .
^» 11 *• *

(4.) Safety precautions and decontamination. Normal sanitary
precautions should be followed when handling BLUE. Although it
contains a form of arsenic, BLUE is relatively nontqxic. It should not
bo taken, internally, however. Any material' that get on the Lands,
face, or other parts of iho body should be washed off at the. first op-
portunity. Clothes that became, wet wi th a solution of BLUE should
f>e. changed. Aircraft used for spraying this solution .should be, washed
well af terward. When WHITE is added to BLUE, u precipitate forms
that wi l l clog the system. I f the same, spray apparatus is to !s« used

; for spraying agents WHITE and BLUE, l l io system must bo flushed
to assure that u.11 residue of the previous ngunt is removed.

_-.c. WHITE (TordonJOJ}. ' ' ' . . . '
(1) Description. The active ingredients of agent

percent picloram and 80 percent isopropylamine salt c ^ ^ ^ - Active
ingredients constitute about 25 percent of the solution.^P^factant is
also present. WHITE is soluble in water, noncorrosive, nonflammable,
nonvolatile, immiscible in oils, and more viscous .than ORANGE at
the same temperature.

(2) Rate of application. WHITE usually should be applied at a
rate of 3 to 5 gallons per acre on broadleaf vegetation. However, the
rate may vary depending on the type of flora. Quantities required to

• control jungle vegetation may varv from 5 to 12 gallons per acre. This
quantity exceeds the spray capability of most, aircraft spray systems
for a single pass. It is usually unfeasible in large-scale military opcra-

' tions to apply such large volumes. For ground-based spray operations,
however, high volumes are necessary. Hand-spray operations cannot
evenly cover a whole acre with only 3 gallons of solution. Three gal-
lons of WHITE diluted to a 30-gallon solution can be more easily
sprayed over an area of one acre. The manufacturer recommends
'diluting WHITE with sufficient water to make a 10-gallon solution
for each gallon of''agent.

(3) Effect on foliage. WHITE kills foliage in the same manner
as ORANGE, sirjco 80 percent of the active ingredient is 2,4-D.

' PICLORAM is irfore effective than 2,4-D, but acts slower. WHITE is
• effective on many plant species, and equal to or more effective than

ORANGE on the more woody species. The material must be absorbed
through the leaves. The water solution does not penetrate-the waxy

• covering of leaves as well as oily mixtures, and is more easily washed
• off by rain."" •" " - ' • .• . ' ' • - . . . , • . - • • =

(4) Safety precaution* anrl decontamination-. WHITE exhibits'
a low hazard from accidental ingest ion. However, it may cause some
irritation if splashed into the eyes. Should eye contact' occur. f!u-=h
with 'plenty of water. Splashes on the skin should be thoroughly
washed with soap and water at the first opportuniiv. Contaminated
clothing should be washed before reuse. When WHITE is used in the
same equipment as BLUE, all of the WHITE should be i-emoved !•<>-
fore using BLUE. The two agents produce a white precipitate that
will clog spray systems. ' •

d. Soil Stcrilants. ' ,
( 1 ) BROMACIL. . - ' ' • ' .

(a) Drxrr!pf!f>n. BROMACTL is an odorless. nonriMT«~;ve,
vliito crystalline solid, s l i j i fh t lv soluble in water or die.-cl fuel oil. Three
dip'orent forms are produced: HYVAR-X, a wettable powder con-
taining 80-percent active ineredient; HVVAR-N-WS, a fiO-penvnt
active ingredient water-soluble powder; and URON 'B', a liquid con-
taining 4 pounds of active ingredient per gallon (app I)).

(5) Rate of application. HYVAR-X is applied at a rate of
15 to 30 pounds per aero; TIYVAR-X-WS, 2-1- to 4S pounds per acre;
and UROX 'B', 3 to 0 gallons per acre, Sprav concentrations of the
agent as high as 50 to 150 pounds per 100 gallons' of wafer or oil can
bo handled by aircraft-mounted spray systems. Tim 80-percent wet-
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. (a) JJ&fiption. IIRO'X 22 is'a granular substance containing
122 percent monuron trichloroacetftte. ' '

(i) $nte of application. Tlie manufacturer suggests using 150
I to 200 pounds per acre.

(:?) Effect on foliage. Soil sterilants act by absorption through, the
jroot system and therefore aro most effective under conditions of good •
;lsoil moisture. They are relatively stable once absorbed into the soil.
' :iS(>il sterilants k i l l vegetation and may prevent regrowth for periods
;-'of a few months to a year, depending on the quantity and soil concli-

coils or

:| (4) Safety pre can f ions and handling. Soil sterilants are only-
'slightly corrosive to metals, but dispersion equipment should be thor-

;;pug!i!y flushed after use. They are relatively nontoxic to humans, but
;1 re-pi rat or masks should be worn to prevent inhalation of dust during
'"handling. . . •

..1 ; SECTION" TI. COXCErrS OF EMl'LOVMEXT ' • '
y>'-\. General •' .
•;j c. The employment of antiplant agents must be carefully controlled'
|!<y technically qualified personnel to avoid many undesirable nftcr-

'•?(<•• :i''~ts. FM :-MO discusses the employment concepts, analysis of opera- .
'us, and limitations of antiplant agents-.

a was is ideal for elusive hit-and-run tactics of the guerrilla.'.
L.*-::ioval or reduction of this concealment limits the guerrilla's ca-.

. {r I ' - . i l i t y to operate in the defoliated area. . '
P-;. KiMploymcnt considerations ' . '

- < S l.-i addition to the. concepts discussed in FM 3-10, tho following
.v/oiii ts should be considered when planning the use of antiplant agents.
J ft. Type of Poling4. ORAXGK is a wide-range, general-purpose agent
iVhirh is effective on the many types of foliage found in jungle areas.
I'.VHITK is also considered a general-purposo herbicide, but it is geu-
'i Ti l ly slower than O'KAXGK. BLUE is most effective on the narrow

.i ip . i f .species: the grasses, sugarcane, rice, and other cereal grains.
| f>. When to Ai'pty. Tise best t ime to apply an t ip lun t agents is during
~~?l:-'. i : i '~ t active growing season. This corresponds roughly tot-he pc-riocl
;;" ' • ::;f. appearaticB of new buds until 3 or -t weeks before onset of

. ^ . •;. =eii.^on. Wh'iIt; spraying during the. dry season does produce
:'f: - ' . : . ' i f i» , vegetation is not killed as quickly as it is during the. most

"h• <.'.\-<:, growing season. An exception would be in certain tropical
j f i w l a n d areas where water is p len t i fu l and c-onfinuous growth exists;

;"1 iiu.s ant iplant agents are effective, throughout the. year.

a. In some plants, leaves and growing stems form
develop marked curvature.

I. Growing stems may remain green, but may swell, develop cracks,
and form callous tissue.

G. Watery, translucent buds often appear at the crowns of some
. plants.

d. Spongy, enlarged roots may appear, turn black or gray, and rot.
e. Dead 'areas will form on the leaves wherever the spray droplets

have settled on'the leaf surface. A yellow ring may appear around the
'dead area, and gradually the entire leaf will develop yellow, brown,
.or red autumnal coloration and fall.

SECTION* III. DISSEMIXATION* METHODS
56. Genera]

Antiplant agents may be disseminated by various methods depending
on tho sizes of the area to be defoliated and whether.the agent- is in
liquid, slurry, or solid form.
57. Ground-based application

Ground-based, gpray or dispersion methods are suited to small-scale
operations such as defoliation around base camps or installations or
clearing along routes of communication. These methods depend on

•easy access to the area on foot or by spray vehicle.
; 'a. Hand broadcast ing is the simplest way to disperse dry agents. .

• such as soil.sterilants,.but-is a rather time-consuming method.
. b. A 3-galloti- hand-pump sprayer is easy to xise in areas accessible
•by foot but where vehicles cannot, enter. It- is a slow method, however,
and areas out of arm's reach arc still inaccessible.

(1) UTI-1 series aircraft.
(a) .A simple expedient ppray system for a 1*11-1 type a i rcraf t

.might consist of a 55-gallon drum fitted with a rubber hose which de-
livers the solution to a spray bar temporarily mounted ae.iw? the skids.
Slight, pre-ssumat.ion of the drum will usually help empty the. drum at
a steady rate. A portable* flamethrower pressure, bottle or an A.X-M4
compressor can lx* used for pressurizing, but a gage should be in the.
system to warn of excess pressure, (no more than S to 12 psi should be
used). The six.e and numlxn- of holes in the spray bar may be deter-
mined by trial and error; however, %-inch holes spaced G inches apart
will provide, good results.

(f t ) Another field expedient system uses the, tank and Ill-foot
boom of the HI DAL. A 2">-gpm personnel carrier bilge pump delivers
the agent, allowing 30 to 40 meters coverage in width.

(2) CH-Jfl fth'craff. An expedient spray system for a OH—it
aircraft might consist of a oOO-gallon collapsible fuel bladder or a
400-gallon metal, skid-mounted tank. A power-driven fuel transfer
pump (50 to 100 gpm) can be used to deliver tho antiplant agent
to a spray bar attached to the ramp at the rear of tho aircraft.



j •. The M100 Mity ?>f!te (para 26) may be used $0 disperse liquid or
v- .TntipIfui1*^jBts. Foot, access to the ai'ea i,; i-e<quired, but inaccess-

\i> areas mt^^^Kovcred to some extent, since the Mity Mite will
ray a distnQjHsf about 50 feet,
d. A ptnccr-Srivcn dccohtfiminating appamtifJi (PDDA) may 1)0
pd when the area is accessible to wheeled vehicles. It is especially

1 mod for spraying soil sterilant in slurry form. The PDDA may
j,l-o be used to spray l iquid ant iplant agents. WHITE and BLU,E
, e.scnt no corrosion problems, but the apparatus must be well cleaned

rii changing between the two agents. OIJAXGK will soften'the
I > ' > e r parts, such as hoses and valve diaphragms, requiring their
I placement af ter a while. Spraying OEAXGE'lsy PDDA also pro-
1 (~* t 1 ft ^4\ :os a hre hazard. . . • . •
I c. Comm-crcial orchard-sprayers, if available, may be used for
1 ..aying liquid solutions where ground access to vehicles is possible.

Aerial spray methods ' . - •
j Aerial spray methods are suited for large-scale operations, since a
1 icer area can be covered and ground access is not necessary. Aerial
Y jlieation methods are much more subject to weather conditions, such
> wind direction and spc-od and temperature .gradient, than are
juuuii-b;'!>od methods. Therefore, particular atteniion 'must be paid
\ the possibility of agent drif t onto any nearby friendly crops. The

jrht of attack, airspeed, and area coverage depend on'weather and
rain conditions and pilot experience.

a. UC-12-3B Aircraft. UC-123B cargo aircraft fitted with internal
Irs and external ?pniy booms are used for largo-scale defoliation
1 crop c
;do of 150

i :lions per aera,
>-•. FIDAL (Fi:/:cd-v:iny Insecticide Dispersal A ppamfm. Liquid}'.

:: FIDAL YA a Xavy developed and tested systom. It has not been
udardized by the AVmy. When available, it can bo used to suppla-
nt the spray capability of the C-123 systems.'The FIDAL is
ig on the AIE or All! aircraft without "modification. Each tank
Ms about 275 gallons and has its own ram air turbine to provide
ver for pumping this spray through a spray boom. Cosi, is much less
n that of C-12:> inboard systems, and spray missions do not tie up
aircraft since the tanks can be hung or removed iu'minutes.• •

t-. IleJieoptcr-Mowntfid Spray Systems. ' •• \-
(1) HI DAL (Helicopter Insecticide Dtsspental Appnrafi./s,

"p;id)i The IJTIDAL system is a 1%-gallon spcay system suitable
',. us/s in a UH—1 scries helicopter. Helicoptei's are useful in spray-
' areas around installations that arc; not acce-siblo to wheeled vc-
'-.-•: minefields, barbed wire barrieiii, etc. The IIIDAL is sclf-
• •••'], has an adjustable spray rate, and can. l>e installed'and re-
, - I ;,-. a matter of minutes. It is a Xavy developed system and has
]/:•";'! standardized by tho Army. • . • • . . ' • ' . - •

. f -2) AGAVENCO xpm/<'r, Tho AGAVEXCO system has capa-
j i l tics similar to those of tlie IIIDAL and is presently being pro-

,red in a limited quantity. It has not lx>cn stantliirdixod.

external ?pray booms are used tor lar^e-scalc defoliation
destruction operations. Using the present systems at an al-
1.50 feet as id aii-spced of 130 knots rcsulss in a spray rate of

d. Field Expedient Spray Systems. When systems such O M tu, ;
HIDAL are unavailable, field expedient spray systenuj^fct'wiy yr-
form adequately might be constructed. ^^^B

G. Effect on Nearby^ Crops. If the application of a |̂̂ _nt agents
is on target to begin with, the main clanger to nearby susceptible crops
will be from drift. The main factors affecting agent drift are vandij
direction and speed, dissemination method (para 56 through 58), tern-1'
perature gradient (TAI 3-240), and the agent used. Conditions for
dissemination of antiplant agents are usually most -favorable during
early morning hours (before OSOO) while inversion temperature
gradient prevails and the wind speed is still low (doc:s_not exceed 8

. knots). A volatile antiplant agent may also produce drift effect even
after the spray has settled on target. For example, the slight vaporiza-

OllAXGE may produce drift damage, especially if nearbytion of

subjc iiponzn
Thus they can be more safely used near susceptible crops provided

. cautions such as wind direction are heeded, and a dissemination method
that tends to. produce the least amount o£ drift is used. Although
'soil sterilants do not drift, they should not be used closer than 1UO
meters to crops or cropland in a friendly area onto which drainage from
treated areas flows.*'

d. Duration of Effect. Neither OR AXGE, BLUE, nor WHITE can
be consideredi"permano.nt" type antiplant agents. They act by direct
contact with the plant. Defoliation result ing from aerial application of
BLUE may lie. effective only until new growth appears. Defoliation
resulting froin'aerial'application'.'of OR AXGE or WHITE will '
usually bo effective for one growing season, but may be effective for
periods of approximately 0 months to 1 year. Soil sterilants. on the
other hand, ma^y be effective for period.- • • f up to a year or more, because
they are desigi ed to be slowly dissolved by rainfall and remain active
in the soil. o
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